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1.  Introd ucti on
This  study  is  one  of  few  appearing  in  the  literature  to
investigate  the  consumption  behavior  of  households  within  the
framework  of  a  complete  demand  system.  To  allow  for  the
modeling  of  a  relatively  large  number  of  commodities,  we  follow
the  tradition  of  two-stage  budgeting  (Strotz,  1957,  1959;  Gorman,
1959)  and  construct  a  two-level  demand  model  that  allows  the
estimation  to  proceed  in  branches  while  remaining  consistent  with
constrained  utility  maximization.  Because  the  sample  contains  a
significant  proportion  of  observations  in  which  some  commodities
are  not  consumed,  we  draw  upon  a  multivariate  limited  dependent
variable  model  (Lee  and  Pitt,  1983;  1984;  1984a)  that  utilizes
the  conceot  of  virtual  prices  (Rothbarth,  1941)  in  the  demand
rationing  literature  (Neary  and  Roberts,  1980;  Deaton,  1981).
Moreover,  a  complete  demand  system  is  estimated  for  each  of
three income groups of rural  and urban  households  so  that
insights are  provided  into  the nonlinearity between  consumption
and  total  expenditure  as  well  as  insights  into  the  consumption
behavior  of  rural  relative  to  urban  households.  For  instance,
while  Enael's  law  is  found to hold  in  general,  it  is  only  in
rural  and  urban  high-income  households  where  total  expenditure
elasticity  for  food  is  significantly  less  than  unity.  The  total
expenditure  elasticity  of  clothing  and  other  non-foods  is  found
to  exceed  1.5  for  rural  hiah-income  households  anrd  to  exceed  2for urban  hinh-income households.  The  total expenditure  elastic-
ity of housing  for  urban households exceed that  of  the rural
households for all three  income  categories.
This paper  is organized  as  follows.  In Section 2,  we spec-
ify  the  oreference  structure and derive  the  two-level  demand
system.  Section 3 orovides a stochastic structure for the model
and  lays  out  the  estimation  procedure  within  the  framework of
traditional  demand system estimation.  Section 4 modifies the
estimation technioue to account  for the  limited deoendent  varia-
bles  ir  the sarole.  Section 5 reoorts the consumration oarameter
estimates.  Section 6  oresents the matrices of demand  elastici-
ties across household  income  groups.  Section 7  orovides an
overview and  a  brief conclusion.2.  Soecification  of  the  Two-level  Demand  Model
Since  typically  the  number  of  commodities  consumed  by  the
households  is very large,  as  is  the case in  this study, the
estimation  of a truely complete demand system  is econometrically
intractible.  One  feasible  approach  is to  aggregate the commodi-
ties  to  a  certain  level  to  reduce  the  size  of  the  demand system.
However,  when  our  interest  lies  in knowing the  consumption  param-
eters  of  detailed  commodities,  other  approaches  have  to  be  con-
sidered.  The  approach  we  followed  is  to  impose  certain  restric-
tions  on  the  utility  function  to  allow  for  the  construction  of  a
two-level  demand  system.  In  particular,  our  demand  model  builds
upon  the  theoretical  results  of  two-stage  budgeting  and  perfect
price aggregation, which date back to the classical theorem of
Gorman  (1959).
In the two-level  demand  literature demand  functions are
characterized  at  two levels  of aggregation with respect  to rele-
vant  partition of the  whole  commodity  set  into subsets.  At  the
disaggregate  level,  the individual  demands  are  expressed  as  func-
tions of individual  prices and  total expenditure  for that  sector.
This  is referred to as decentralization, and  it  has been shown
that  decentralization is  possible  if and  only  if the  utility
function is weakly separable  (Gorman, 1971;  Blackorby, et  al.,
1975).  At  the aggregate  level,  group expenditures are expressed
as  functions of  sectoral  price  indices and  total expenditure.
This  is called  price aggregation, and accordina to Gorman  (1959),
price aggregation  is  possible  if  and  only  if  the  utility function
is  strongly  separable  into  Gorman  polar  form,  homothetically
separable,  or  a  combination  of  these  two.  In  this  study,  theutility  function  is  specified  as  a  strongly  separable  function  of
sectoral  aggregator  functions,  where  each  sectoral  aggregator
function  takes  the  generalized  Gorman  polar  form  (Blackorby,
et  al.,  1975).
To  begin,  the  following  conditional  indirect  utility  funtc-
tion  is  posited:
T"  In  r
(2.1)  H(p,y,z)  =  r=1  h  (priz),
where  y  =  (y  Ay,  y  )  is  the  vector  of  sectoral  total
exoenditures,  and  the  sectoral  aggregator  functions  h  take  the
followina  generalized  Gorman  polar  form:
S-  (D  r  Z) c  r(  ,z)
r  c  r
(2.2)  h  (oD YVz)  a  - b(Z)  J  +
o  (D  )  (or  ) r  r
r  =  1,2, . .. ,m,
where  z  is  the  vector  of  household  demographic  variables,  and,
r
for  each  sector  r,  p  is  the  vector  of  commodity  prices  in  the
sector,  y  is  the  group  exoenditure,  and  or (r)  is  the  perfect
orice  index  for  the  commodity  grouo.  For  each  of  (2.2)  to  be  a
legitimate  presentation  of  a  sectoral  indirect  utility  function
which  also  fulfills  the  requirements  for  the  generalized  Gorman
polar  form,  the  first  term  on  the  right-hand  side  has  to  be  a
monotonic  increasing  function  of  the  term  inside  the  bracket,  and
the  second  term  has  to  be  homogeneous  of  degree  zero  with  respect
to  individual  orices.  Thus  we  imoose  the  followino  restrict  ions:
a  >  0,  r  =  1,2,...,m, r
40  <  c  <  1,  and
y  /p  (o )  >  b  (z),  r  =  1,2,...,m.
rr  r
The  last  step  in  the  specification  of  the  conditional  indi-
rect  utility  function  involves  the  choice  of  a  specific  func-
tional  form  for  P  (op),  Q  (O  ,z)  and  b  (z).  Let r  r  r
r  (  r)  =  r  P  i  r  =  li...rn,




r  ( pr ,  ,
Q(pO  ,z)  =  ".  i.(z)o  =  L  . oz  r  =  i  ...  r r  i1  1  1  1  . i.Q  i.  '
and  b  (z)  =  d  +  L.  d  ,  r  =  1,2,..
Note  that  both  p  (p,)  and  0  (p  )  are  specified  as  linearly
homogeneous  functions  of  individual  prices.  These  together  guar-
antee  the  zero  homogeneity  (in  prices)  of  the  last  term  in  the
sectoral  aggregator  function  (2.2),  as  required  of  the  general-
ized  Gorman  polar  form.
The  Exoend i t ure-allocat ion  Functions
The  expenditure-allocation  functions  for  the  aggregate  com-
modity  groups  can  be  derived  by  maximizing  the  conditional  indi-
rect  utility  function  (2.1)  with  respect  to  the  choice  variables
Y1 '  Y 2''.-MY  m,  subject  to  the  budget  constraint.  Formally
stated,  the  following  maximization  problem  is  solved:
(2.3)  Maximize  H(o,y,z)  s.t.  21
-r=1  Yr  "
Solving  (2.3),  we  obtain  the  expenditure  allocation  functions  asfol  lows:
(2.4)  yr =  pr  d  +  2  d  )
r  r  r
S  '7  /  1/( c-")
s=1  s  s5
r  =  1,2,. ..  m.
The  expenditure  functions  look  quite  similar  to  those  of  the
Linear  Expenaiture  System  (Stone,  1954).  One  can  interorete
(2.4)  in  the  way  that  the  LES  has  been  interpreted.  The  term
o  (d r +   . L  dr  •),  wnich  is  a  function  of  dermoraonic  variables, r  re  .Al  rQ A
may  oe  viewed  as  the  subsistence  expenditure  for  group  r  and
the  last  bracketed  term  as  the  supernumerary  expenditures.  How-
ever,  (2.4)  differs  from  the  LES  in  that  the  marginal  income
responses  are  no  longer  constants.  They  are
c/(c-l)  1/(c-l)
.ys  p  /  a
(2.5)  ---  =  ,  s  1=  I,2,...,m.
SrY  T  m  c/(c- 1 )  /(c-1)
r1  D/  a r=i  r  r
It  can  be  seen  from  (2.5)  that  the  marginal  income  responses  co
not  depend  on  the  expenditure  levels.  Also,  given  the  restric-
tions  imoosed  on  the  parameters  c  and  a  to  auarantee  the r
strict  concavity  of  the  conditional  indirect  utility  function,  it
can  be  shown  that  the  marginal  income  response  is  oositive  for
all  groups,  ranging  from  0  to  1.  However,  as  often  claimed  for
the  LES,  having  positive  marginal  income  responses  does  not  seem
6to  be too  restrictive  in  modeling  broad  groups  of  commodities.
Conditional  Demand  Syst ems
The  conditional  demand  systems  can  be  derived  by  applying
Roy's  identity  (Roy,  1942;  1947) to each of the sectoral  aggre-
aator  functions.  Expressed  in  expenditure  form the  equations
thus derived yield the  final  deterministic  form  of  the estimating
equations  for  the  conditional  demand  system:
(2.6)  o.x.  =  c.y  +-  - dr  +  dr  z  c
ii  i  r  rO  U  L  A.0  -
ca  :pI.
_  a
(  a  . J.Q  j  .0  iA  iz  -Q
r
i  e  I  ,  r  =  1,2,...,m.
Note  that  each  of  the  conditional  expenditure  functions
consists  of  two  additive  parts.  The  first  part  is  a  linear
function  of  sectoral  total  expenditure.  The  second  part  is  a
nonlinear  function  of  total  expenditure;  it  can  be  shown  that
with  the  current  restrictions  on  the  parameters,  the  second  part
is  an  increasing  or  decreasing  function  of  income  depending  on
the  sign  of  the  last  term  in  parentheses.
Note  also  that  although  the  aggregate  expenditure  allocation
functions  are  linear  (with  an  intercept)  in  income,  the  condi-
t  ional  demand  functions are nonlinear.  Since previous emoirical
evidence  suggests  nonlinear  Engel  functions,  this  model  is  pref-
erable  to  the  extent  that  it  allows  for  a  wide range of responses
of demand to income chanoes.
73.  Stochastic Soecification and Estimation
In  a  two-level  demand  system,  group  expenditures are  speci-
fied  as  functions  of  total  expenditure,  sectoral  price  indices
and demographic variables.  Expenditures of  individual  commodi-
ties  are  specified  as  functions  of  group  expenditures, individual
prices  in the groups  and  demographic  variables.  Therefore,  one
way  to  proceed  is  to  specify  the  error  structure  for  the  condi-
tional  demand  systems  and  then  infer  the  error  structure  for  the
aggregate  demand  system.  To  begin,  the  conditional  demand  sys-
tems  can  be  written  as:
(3.1)  v.  =  . (p  ,yr,Z)  +  v.  i E  i  r  =  1,2,...,m,
where  y  =  '  .(P  ,  ,Z) ,r  =  i2,...,  m,
ieI
are  the  nonstochastic  components  of  sectoral  total  exoenditures.
It  is  assumed  that
E v.  =  0,  E  v.v  =  6.  ,  i,j  =  i,2,...,n.
1  1  j  .3
In  matrix  notation,
v  =  X(P,y,Z)  +  v;  E  v  =  0;  E  v  v'  =  E.
The  adding-up  restrictions,  L.  v.  = 0,  implies that  det  . =  .
It  is  assumed  further  that  the  distribution  of  the  errors  are
independent  of  the  right-hand  side  variables,  and  that  all  the
covariances across observations  are  zeroes.  The  aggregate  demand
systemr,  can  then  be  written  as
aV 
=
- L..  V.  =  y  +  .L.  V. Sr  r  i  -r  . -r
i1  1i  1i=1
1  2
r(o  (p  )  a  (P  )D)_  rj nZ  +  r'  r  '=  "  ,  ' =  r  1< •  ' p  pi  )  a'''  P  (p  ),y,Z)  +  u  ,  r  =  .. ,m,
where  u  =  . r  =  1,2,.... r  .. r  i'
Hence,  the  error  terms  of  the  conditional  exoenditure  functions
for  each  grouo  add  uo  to  the  error  term  of  the  corresponding
aggregate  expenditure  function  for  that  group.  The  stochastic
orco'erties  of  u  are  thus  easily  determined  by  v.  for  all  r.
To  see  this,  let  h  =  (1,1,...,1)  be  the  unit  column  vector  with
the  relevant  dimension  determined  by  its  use,  and  let
M =  m. ,r,..  ,mn  3  where  each  m  is  an  n  x  1  vector  with  l's
th
co:rresporndinrt  to  the  go ods  in  the  r--  group  and  zeroes  else-
wnere.  Thenr,
u  =  v  . =  m  v  r  =  I 2 ,...,m, r  r  i  r
ieI
or,  in  matrix  not ation,
1
u  =  M  v.
The  following  further  properties  about  u  can  be  verified:
E  u  =  0,  and
(3.2)  . E  u  u  =  Mi  M  - i 1  .
Furthermore,  because  of  the  overall  adding-up  of  the  full  demand
7  1
system  (3.  i),  . v  =  I0  and  '.  S  =Z  0.  It  can  be  shown  that
7  1
-.  u  =  0  anrd  -.  [  . =  0.  In  other  words,  the  adding-uo  of  the
9wholie demand  system  leads  to  the addirni-uo  of  the aggregate
demand  system.
So  far  no  Darticular  distribution  has  been  assumed  for  the
error  terms.  For  estimation,  the  form  of  the  distribution  is
assumed  to  be  cnormal.  It  then  follows  that  with  v  N  N(O,S),  the
d istri  but i on fo  r  u  wil  l be  u  N (0,  ).
Based  on  this  soecification  of  the  error  structure,  the
unknown  oarameters  of  the  aggregate  and  conditional  demand  sys-
tems  carn  e  estimrated  with  the  maximum  likelihood  technicue.  In
3rinc- ole4  one  may  wish  to  estimate  all  he  ecuations  simulta-
rneou:.s.  The  results  would  yield  fu ll-incformation  maximui  like-
li.hood  (FIML)  estimates.  However,  when  the  number  of  commodities
is  larce,  simultaneous  estimation  of  all  the  equations  seems
intract ibe, at  least  with  the  current  state  of  technology.  A
more  realistic  orocedure  is  to  utilize  the  two-level  structure  of
the  demand model  to  approximate  the  FIML  estimates.
The  procedure  we  follow  was  first  proposed  by  Anderson
(1979).  It  is  a  sequential  orocess.  In  particular,  one  can
estimate  the  aggregate  and conditional  demand  systems  seouen-
tially.  At  each  step,  results  from  previous  step  can  be  used  in
the  current  estimation.  To  illustrate,  the  system  of  aggregate
functions  is  estimated  first:
(P  =(P  P  t)  P2 '  P- m).ytZt)  + "t
=  t o  +  u  ,  t  =  1,2, ... ,T,
t  t'h
where  the  subscriot  t  indicates  the  t-  observation,  and  T
is  the  total  number  of  observations  in  the  sample.  Recall  that
10because  of  the  adding  uo  restriction  the  error  terms  of  the
aggregate  equations  sum  to  zero  and  the  variance-covariance
matrix  0  is  singular.  In  this  case  the  density  function  has  to
be  defined  in  some  linear  subspace  of  the  original  mT  space.
In  this  study,  the  second  equation  of  the  original  system  is
deleted  and  the  new  system  is  written  as
t  =   t  + ut  E(utt )  =U  ,  t  =  1 i,2 4 ...qT
where  =  (ylty3t  ... '  t  t  it'  t''  mt
u.  =  (uLt u3t...,  u  mt ),  anrd  is  the  truncated  (m-i)>: (m-l)
variance-covariance  matrix  of  residuals.  With  the  assumotion  of
multivariate  normal  distribution  for  the  error  terms,  for  obser-
vation  t  the  joint  density  function  of  ut   can  be  written  as
(see,  e.g.,  Park,  1969;  Chow,  1983):
Sr  -(m-li)/2  . -1/2
fu  =  exo  - N  - u  .C t  L  J  2  t  J
PW  rw
Upon  transforming  the  random  variables  from  u  to  y,  the  like-
lihood  function  for  observation  t  is:
-(m-l)/2  -1/2
L  =  2  J
F  i  -"  '  - i  "  " .exo  2 (t  t  2  t  y  )  J
where  J  is  the  Jacobian  of  transformation.  However,  oecause
the  residuals  are  additive to  the  equations,  J  =  1,  so  the
Jacobian  vanishes  and  can  be  omitted  from  the  likelihood  func-
tion.  With  a  total  of  T  observations,  the  likelihood  function
can  be  written  as
11r  -(rn-1)T/2  -T/2
r  i  T  - 1
SexP  - 2  "t=  t  t  t  "
For  estimation  ourpose  the  likelihood  function  car  be  written  in
its  locarithmic  form  as
T
(3.3)  -. Qo  L  =  - (mr-1)og(2<  )
T  . 1  T T  '  - .1
- 00--gi  (Y  - <)  ,  (y  -   t). 2  t=1  t  t  t  "
The  unknown  parameters  include  the  parameters  for  the  orice
indices,  (or )  r  =  1,  ,...,m,  the  other  parameters  of  the
r
aggregate  expenditure  functions  and  the  elements  of  the  truncated
variance-covariance  matrix  ,.  To  economize  on  the  number  of
oarameters  to  estimate  at  one  time,  in  the  first-stage  oroxies
(e.c.,  the  Laspeyres  index)  for  the  price  indices  p  can  be
used.  This  amounts  to  using  some  oreoeterrmined  and  arbitrary
values  for  the  orice  carameters  ,:  .
In  the  second  stace  each  of  the  m  conditional  demand
systems  can  be  estimated:
r  r  r  - r
S =   (P  )  + t  t  t 'rt  t
=  +  v  ,  t  =  1,2,...,T;  r  =  1,2,...,m.
t  t
The  likelihood  function  for  each  sector  can  be  defined  in
the  same  manner  as  in  the  aggregate  demand  system,  exceot  that
the  full  demand  systems  are  being  estimated  because  the  error
terms  do  not  sum  to  zero.  Following  the  same  procedure,  with  T
observations,  the  log-likelihood  functions  for  the  m  cond i-
12tionrsal  demand  systems  can  be  written  as:
(3.4)  Ioo  L  - n  . 2oa  c(2)  - .og S r   2  r  -2  1rr
1•  T  r  r  - r  r
- t  l  (-  )  (-  )  r =  2  1  m2  r 2t=i  t  rr  vt-  t
The  unknown  oarameters  in  the  likelihood  functions  include the
oarameters  in  the  eauation  for  y,  the remaining parameters  in
0 r  and the  elements  of  the sectoral  variance-covariance  matrix
S.  Now the results from the  first-staae  estimation  can  be used
to  estimate the remaining  parameters  by  maximizing  eacn  of  the
lo7-likelihood function  (3.4) with  resoect  to  a  subset  of  the
variables.
By  following  this  procedure,  the estimates  for  the parame-
ters  in  ,  ,  0'  ..,0  ,  2  E  and  Q  are  obtained.
When the  second  stage  of  estimation  is  completed,  the  values  of
the  orice  oarameters  can  be used to  evaluate  the oerfect  orice
indices  pr . Then  using  these  price  indices  the aggregate  demand
system  can  be re-estimated.  The procedure can continue until
some stopping criterion  is  met.  Note that  the parameters  in
r,  r  4 s,  are  not  estimated.  It  is  expected  that  this  oroce-
dure will  yield  estimates  as  aoproximations  to  the  FIML estima-
tors.  As argued  by Anderson  (1979),  the aoproximation  should
improve  the  less the between-group  commodities are  correlated.
In the extreme  case,  where  there  is  no  relatedness  across  groups
and  the variance-covariance  matrix  of  the  whole  system  is  block
diagonal,  the  approximation  will  be  perfect  and  the  process  just
described  will  be  an exact  nurmerical  imolementation of the FIML
oroced  ure.4.  Estimation  of the  ~Model  with  Limited  Deoendent  Variables
rn  some strata of  the data  used  in this study there  are  a
significant  proportion of  households  in which  some  of the  commod-
ities  are  not  consumed.  In this  section we  modify  the  estimation
procedure  (mainly  the  likelihood  functions)  developed  in  the  last
section to accommodate  this  feature  of the  data,  that  is,  the
limited dependent variables  in  the sample.
It  is  well  known that  with  limited dependent variables,
standard econometric techniques that  do not  take  account  of the
occurrence of the  zero consur~iption  will  yield  inconsistent esti-
mates of the  oarareters.  On the other  hand,  if  all  the  observa-
tions  containino  zero  consumotion are  excluded,  the  oarameter
estimates  obtained  will  be  biased  and  incorsistent,  besides  the
fact  that  simoly  excluding  such  observations  would  reduce  the
degree  of freedom  sicgnificantly.  In either case,  it  can easily
be  shown that  the  bias and  inconsistency result  from  the  non-zero
exoectation of  the  error terms and  their correlation with the
ex  panat  ory  var  iabes.
Within  the  constrained  utility  maximization  framework  a
vector  of  demands  with  observed  zero  consumotion  can  be  consid-
ered  as  a  solution  with  binding non-negative  constraints.  For
econometric  analysis,  it  is  necessary  to  determine  the  orobabil-
ity  that  such  a  solution  occurs.  Wales  and  Woodland  (1983)
started  out  with  a  random  ut il  ity  funct ion  arind  constructed  the
likelihood  function  from  the  Kuhnr-Tucker  conrditions  of  the  con-
strained  utility  maximization  oroblem.  However,  this  aooroach  is
rather  limited  for  practical  use.
The  orocedure  we  follow  is  oased  on  the  frameworK  develooed
14by  Lee  and  Pitt  (1983;  1984;  1984a),  which  adopts  the  theory  of
consumer  demand  under  rationing  (Tobin  and  Houthakker,  1950-1951;
Pollak,  1969,  1971;  Howard,  1977;  Neary  and  Roberts,  1980;
Deaton,  1981)  and  utilizes  the  concept  of  virtual  prices  origi-
nated  by  Rothbarth  (1941).
Virtual  prices  are  the  prices  that  support  a  vector  of
demands.  Neary  and  Roberts  (1980)  have  shown  that  if  the  utility
function  is  strictly  quasi-concave,  continuous  and  strictly  mono-
tonic,  any  allocation  can  be  suooorted  oy  virtual  orices.  Fur-
tnermore,  the  virtual  orices  that  corresoond  to  positive  demands
are  the  actual  market  prices.  Consider,  for  example,  the  case
3. where  the  first  .t  goods  are  not  consumed,  i.e.,  x  =  0,
1
i  =  1,...,.C  and  x  )  0,  i  =  .+l,...,m,  where
x  =  (x 1,...,  xx.  .. ,  x m)  is  the  vector  of auantities  deman-
dec.  Define  the  vector  of  virtual  orices  $  =  (  ,..  )'  then
the  quantity  vector  x  is  the  solution to  the  maximization
orob'  b  em
r Max  U(x)  :x  =  M
x
without  non-negativity  constraints.
In  a  more  generalized  framework,  Lee  and  Pitt  (1984)  have
derived  the  necessary  and  sufficient  conditions  for  the  occur-
rence  of  the.demand  regime  at  the  "kink  points"  of  the  convex
budaet  set,  which  include  the  binding  non-neaativity  constraints
as  a  soecial  case.  In  light  of  Lee  and  Pitt's  results,  the
necessary  anrd  sufficient  conditions  for  the  occurrence  of  the
demand  reoime  soecified  above  are
15(4.  1)  . =  0  . i  =  1  ...
1  1i "*
One  possible  intuitive  interpretation  to  these  conditiorns  is
that  the  virtual  orices  are  shadow  prices  and  the  goods  xi,
i  =  I,..,.  ,  are  not  consumed  because  the  shadow  prices  are  higher
than  the  corresoonding  market  prices.  It  car  be  shown  that  these
conditions  are  eauivalent  to  the  irneualities  used  by  Wales  and
Woodland  to  determine  the  choice  of  the  demand  regime.  Hence,
the  conditions  (4.1)  are  used  to  construct  the  likelihood  func-
tions  for  the  aggregate  and  conditional  demand  systems  with
limited  dependent  variables.
To  illustrate,  consider  the  aggregate  demand  system  (2.4).
For  the  general  demand  regime  defined  above  the  virtual  orices
q  ,-  .....-  are  determined  by  the  following  equations:
S<  .a.  . P  "  Pm-  Y  +  Ur  r  =  1,  2,...,.  - r  O(  1  2'  """'  .•  +  1..'  '  ,  v)  +  ur
The  remaining  exoenditures  are
y  =  i'  (:~  "'  *  'P•  +'"  ''  ,y)  +  u,  r  =  +i,...,m. r  r  1&;21''  Q  Q+1  +iaM-  r
Given  a  normal  density  function  for the  stochastic  term,
N(u 1 ,u2,...,um 1 ),  the  contribution  to  the  likelihood  function
for  an  observation  under  regime  j  is
S.  .°  t  °0-  fj
f  (Y )  =s  ...  Ja  M  ,
J  t  f"PJ  --  I
N  2''  '  ,  ... ,  Y  '..''  -1  )  d:  ... '  d:  ,
where  J  is  the  Jacobian  of  transformation  from  (ul.  u2 ... u  -)
to  (:  ,*:  *..  . '.,y  +,...,y  _).  Define  for  each  observatior,  t I  '2  S  + 1 7  m-1
16a  dichotomous  index
*  th
(4.2)  I  =  1,  if  y  is  in  the  j  regime;
=  0  otherwise.
The  likelihood  function  for  the  sample  t  is
R  'jt Rt  t
where  R  is  the  total  number  of  regimes.  For  a  samole  of  T
observations,  the  likelihood  function  is
T  T  R  . - t
(4.3)  L  =  3  Lt  =  n  f  (y.)
t=1  t=1  j=1
The  likelihood  functions  for  the  conditional  demand  systems
car  be  constructed  in  the  same  manner  except  that  they  should  be
defined  with  the  full-dimensioned  stochastic  vector.  Briefly,
with  a  normal  density  function  for  the  stochastic  terms,  the
contribution  to  the  likelihood  function  for  an  observation  in
regime  3  is
..  r*,  on  . r a  (v  )  [=  . - rrcj  t  f  P.0  f. -I
re  re
N<  #,...,  av v  )  dB1  ...  d.  ,
r
where  J  is  the  Jacobian  of  transformation  from  (vw.,rtr  r
r  r*r
to  0(  1'4  o,  +v1'""«.  4 ..  vn  ),  and  n  is  the  number  of
r
commodities  in  group  r.  The  likelihood  function  for  this
observation  is
17R  I r  rt
Lrt  _  r[  r (vitJ
where  I  is  the  dichotomous  index  defined  in  (4.2),  and  R  is
Jt  r
the  total  number  of  regimes  in  group  r.  For  a  sample  of  T
observations,  the  likelihood  function  for  the  conditional  demand
system  for  the  group  r  is
R  I T  T  r  r  jt
(4.4)  L  =  Y  L  =  I  I  a  (v
r  t=1  t  t=1  =1  - t
This  concludes  the  econometric  soecifications  with  limited
deoendent  variables.  For  the  strata  of  data  with  significant
observed  zero  consumption,  the  estimation  of  the  aggregate  and
cocnd it  ional  demand  systemrs  will  be  ased  on  the  i kel ihood  func-
tions  (4.3)  and  (4.4)  respectively.
The  characteristics  of  the  sample.  oreoaration  of  data  anr
the  aggregation  procedure  ernoloved  are  described  in  Aoeendix  A.
185.  Consumotion  Parameter  Estimates
The  emoirical  estimation  was  done  for  six  strata  of  the  data
stratified  according  to  the  rural/urban  classification  and  income
levels.  For  each  grouo  of  households,  a  system  of  three  aggre-
gate  demand  equations  (food,  housing,  and  clothing  &  other  non-
fooas)  and  a  system  of  ten  conditional  food  demand  eauations  (see
the  classificationr  in  Aocendix  A)  were  estimated.  For  both
demrand  systems,  the  demographic  variables  included  only  a  dummy
variable  for  the  sex  of:,  household  head  anci  three  household  age
colmroosition  variables  - a  totai  of  four  variables.  This  econoi-
zation  on  the  number  of  derocoraohic  variables  was  necessary,
esoeciallv  for  a  demand  system  of  this  size,  since  increasirg  te
number  of  demographic  variables  would  increase  the  totaI  rnuer
of  unknown  parameters  dramatically.
imrnoosi na  Restrictiorns  in  Es-tir•at  ion
Recall ithat  when  specifying  the  conditiotna  indirect  utiity
function  (2.  1)  some  restrict  ions  were  imoosed  in  order  for  the
function  to  be  a  valid  oresentation  of  preference  with  certain
structure.  For  easy  reference  these  restrictions  are  summarized
as  follows:
(5.1)  a  >  0,  r  =  ,  ,...,
(5.2)  (  c  <  1,  arnd
(5.3)  lt  /  o  d  +  z  t  12,...N
T
where  L.  'i.  =  1,  and  N  is  the  total  number  of  observations  in
i  i
the  sample.  In  addition,  oecause  of  the  stochastic  structure
19specified,  there  is  one  more  restriction  relating  the  variance-
covariance  matrix  of  the  food  conditional  demand  system  to  that
of  the  aggregate  demand  system.  That  is,
(5.4)  E  u  =  m  m
which  follows  from  the  last  eauality  of  equat ion  (3.2).  This
means  that  all  elements  of  the  variance-covariance  matrix  of  the
food  conditional  demand  system  (i.e.,  the  matrix  ])  add  up  to
the  variance  of  the  agoregate  food  expenditure  equation  (i.e..
the  element  w  ).i
Restrictions  (5.1)  and  (5.2),  which  involve  only  the  ranges
of  individual  parameters  c  and  the  a's,  can  be  handled  by  the
following  lo  ist  ic  transformat ions:
a'
e
(5.5)  a  =  (L-  )  +  e  i  =  1,...3, r  a  a a'





(5.6)  c  =  (1-e  )  +  e. c  c'
1  +  e
where  e  and  E  are  some  smal l  ositive  real  numbers,  used  to a  C
insure  the  strictness  of  the  inequalities  (5.1)  and  (5.2)  respec-
tively.  With  these  transformations,  it  can  easily  be  seen  that
for  -,  :  a'  :  . and  - c'  ,  e  :4  a.  . 1  and  :  c  '  1.
1  a  1
These  transformations,  especially  the  transformations  on  the
a's,  are  very  important  in  the  estimation,  given  the  functional
forms  of  expenditure  functions  in  this  study.
In  the  agaregate  demand  system  (3.  10)  the  parameters  a  ,
r  =  1,...,3,  are  not  fully  identified.  Therefore,  for  identifi-cation purpose, the following normalization rule was usea:
(5.7)  L  a'  = 0. r=1  r
For estimation one can  specify  any two of the  a  '  and b  r
derive the other one oy  applying  (5.7).  All  a'  can then  be r
transformed  according to  (5.5) before being  used as the true
consumption parameters  in the expenditure equations.
The restrictions  (5.3),  which  are nonlinear  functions of
oarameters and  exogenous variables, are more  complicated.  There
are  N  of such constraints, where  N  is  the  total number of
observations.  To  imoosed such restrictions  in estimation, the
oenalty function technique  (Fiacco and McCormick,  1964;  1968) was
emprloyed.
Also associated with  the demand system specification  is  the
linear homogeneity of the food  price  index,  that  is  L  L.  =  1.
i  i
This  is  imposed  implicitly by  specifying ard estimating nine out
of the ten  r's and  computing the last  one as the residual  from i.
Note that  the restriction  (5.4) was  never  really  imposed.
This  is  because doing constrained estimation  in the conditional
food  demand system can be orohibitively costly.  The consequence
is  the  loss of  this information  in the estimation.
The Estimation
For each  group of households, the estimation was done by
aoolying  the maximum  likelihood technique to the  likelihood  func-
tions  (3.  3)  for aggregate demand systerims  and  (3.4)  for condi-
tional  fooid  demand systems.  For those strata of  data with  seri-
ous zero consumotion on certain commodities estimation was based
21on  the  limited  dependent  variable  models  and  the  likelihood
functions  replaced  by  (4.3)  and  (4.4)  respectively.  The  estima-
tions  were  done by  following  the  sequential  estimation  procedure
described  in  section  4.4.
All  the  estimation  was  done  by  using GQOPT3,  a  computer
package  assembled  and  prepared  by  Professors  Steven  M.  Goldfeld
and  Richard  E.  Quandt  of  the  Princeton  University.  The  algo-
rithms  adooted  in  this  study  were  mainly  the  quadratic  hill-
climbing  method  (Goldfeld,  et  al.,  1966s  Goldfeld  and Quanct,
1972)  - a  variant  of  Newton's  methods  that  recuire  both  first  and
second  oartial  derivatives  of  the  objective  functions  with  res-
oect  to  the  oaramreters,  and the  variable  metric  method  (see,
e.o.,  Fletcher,  1970),  which  requires  only  the  first  partial
derivatives.  For detailed  discussion on the nonlinear parameter
estimation,  see  Yen  (1986,  Ch.  6).
Performance  of  Structural  Estimation
Formal  statisticai  inferences  usually  involve  the  comouta-
tion  of  a  matrix  which  converges  in  probability  limit  to  the  true
variance-covariance  matrix  of  the  parameter  estimates.  Under
certain conditions the negative Hessian of the  log-  likelihood
function has  been  shown to have  the same  probability  limit  as  the
true variance-covariance matrix  of the  parameter estimates
(Goldfeld and  Quandt,  1972;  Bard,  1974).  Therefore, one common
oractice  is  to  compute  the  asymptotic  variance-  covariarnce  matrix
of oarameter  estimates  by  inverting  the  negative  Hessiar  of  the
loa-likelihood  function.  In  this  study,  however,  the  true
Hessian  was  never  used;  a  matrix  of  the  sums  of  cross  oroducts  offirst  oartial  derivatives  is  used  instead  as  a  proxy  for  the
negative  Hessian  in  computing  the  asymptotic  variance-covariance
matrix  of  parameters.  This  practice  is  justifiable  as  well.  in
fact,  it  can  be  shown  (see,  e.g.,  Jennrich,  1969)  that  under  the
assumptions  that  the  parameter  spaces  are  compact  and  the  vector
of  true  parameters  is  an  interior  point,  the  maximum  likelihood
estimates,  say  e,  are  asymptotically  normally  distributed  as
- - D.
(5.8)  VN(1  - )  -- 4  N(0,7  ),
wnere
.UNAogL  .,Qa3ogL  -1
(5.9)  0'  =  olim  In  r
L  N  1ýi  ,  J
where  "-  4"  means  that  both  sides  have  the  same  asymototic  dis-
tribution.  The  10  defined  in  (5.9),  in  Jennrich's  term,  is  the
"tail  oroduct"  of  first  partial  derivatives  of  loci-likeiihood
function.  In  light  of  (5.8)  and  (5.9),  the  use  of  the  sums  of
cross  oroducts  of  first  oartial  derivatives  in  the  comoutation  of
asymototic  variance  covariance  matrices  is  justified.
The Results
The  results  from  the  maximum  likelihood  estimation  of  the
aggregate  and  conditional  food  demand  systems  for  all  the  house-
hold  groups  are  presented  in  this  section.  In  each  case,  the
parameters  estimated  include  the  oarameters  in  the  exoenditure
functions  and  elements  of  the  "T-matrix"  - a  lower  triangular
matrix  upon  decomposition  of  the  variance-covariance  matrix.  In
Tables  C.  I  through  C.  12,  the  parameter  estimates  are  oresented  in
column  2,  and  the  corresoonding  asymptotic  T-ratios  and  standarderrors  in  columns  3  and  4  respectively.  Note  that  for  the  aggre-
gate  demand  systems  (Tables  C.  through  C.6)  the  oarameters  c
and  the  a's  are  results  of  the  logistic  transformation  from  the
original  oarareter  estimates  ard  represent  the  true  consumot:ion
oarameters  for  the  aggregate  demand  systems.  The  asymtrotic
standard  errors  and  T-ratios  for  these  carameters  were  not  corm-
outed.  However,  the corresoonding  untransformed  oarameters  anrc
their  asymptotic  standard  errors  are  reoorted  in  the  footnotes  to
the  Tables.  It  suffices  to  know  if  these  untransformed  parame-
ters  are  sianificant.
To  illustrate,  for  rural  low-income  households,  the  maximum
likelihood  estiration  results  for  the  aggregate  and conditional
demand  systems  are  presented  in  Tables  C.  1  and  C.7 resoectively.
This  is  the  group  of  households  that  has  the  most  serious  zero
consumotion  on  both  aggregate  commodity  groups  and  food  commodci-
ties.  Therefore,  the  estimation  of  both  derrand  system  was  basec
on  the  limited  dependent  variables  mocel.  In  evaluating  results
for  the  aggregate  demand  system  (Table  C.  ),  out of  18  oarame-
ters  excluding  the  elements  of  the  T  matrix,  7  have  an  asymptotic
T-ratio higher  tharn  2.0, and  for  eight this ratio is  higher than
1.65, which  corresponds to a  0.1  significant  level  for a two-way
test.  The curvature  parameter  c, the orice oarameters  a.,  and
the elements  of the T matrix  are all  nighly significant,  with  an
asymptotic T-ratio much higher  than  2.0.  Note again tnat  for the
aggregate demand systems  (Tables C.  1  through  C.6) thie  statistical
significance  for  the  oarameters  c  and  the  a's  are  indicated  oy
the  fioures  for  theirtheir  untransformed  counterparts.
As  for  the conditional  f:ood  demand  system  (Table  C.7),  outof  49 consumotion  oarameters  (excludirng elements  of  the  T
matrix),  37  have an  asymptotic  T-ratio  higher  than 2.0,  and  for
43  this ratio is higher than  1.65.  Out  of 55 elements of  the T
matrix,  31  are significant at  the  0.05  significance  level,  and 33
are significant  at  the  0.1 significance  level.  Roughly,  this
conditional  food  demand  system is  a good  fit,  with  75.5 %  of the
consumptoion  parameters  (73.1 % of  all  parameters)  significant.
The  interoretation  of  the estimation  results  for  the  otn-er
arou~  s of  households  can  be  made  in  the same manner.  The  presen-
tation here  is  no:t  intended  to  oe exhaustive.  It  is  hooed  thnat
Tables  C.i  through  C.12  will  report  most  of  the  important  infor-
mation  from  the  estimation.  Overall,  with  only  a  few  except ions,
all  the  orice  oarameters  in  both  aggregate  and  conditional  food
demand  systems  are  significant,  and  almost  all  the  insignificant
oararneters are related to the  demographic  variables.6.  Demand  c  Elasticities
The  elasticities  of  our  model  are  functions  of  consumpti  ior
oararneters  and exogenous  variables  and  hence  must  be  evaluated  at
some  particular  sample  point.  In  this  study  the  weignted  sample
means  of the exogenous variables  (see Tables B.1-2  and  Tables
B.5-8) were used  in the  computation  of  elasticities  for each
arouo  of  households.  The  results  are  reoorted  in  Tables  D.1
through  D.7  in  Aopendix  D.
rn  eacn table the elasticities across  all  household  ircome
grouos are reoortea.  In  all  cases the  cilumn labels  irndicate the
auanrtities  of  c:romlmodities,  whereas tne row  labels  indicate  3the
indeoendent  variables  of  the  demand  eauations  (i.e.,  prices,
total  exoenditure  and household  comoosition  variables).  For
example,  in  Table  D.1,  the  number  -1.2077  reoresents  the  own
orice  elasticity  of  food  for  the  rural  low-income  housenholds,  and
the  number  0.0602  represents  the  elasticity  of  food  with  respect
to  the  orice  of  housing  for  the  rural  medium-income  households.
6.1  Aggregate  Price  and Expenditure  Elasticities
Table  D.1  presents  the  aggregate  orice  and exoenditure  elas-
ticities  across  household  income  groups.  These  include  the  c:m-
oensat ed  and  uncomoensated  elasticit  ies.
Uncooensated  Elast iciti  es
Columns  3,  4  and  5 of the  table  report  the  uncomoensated  cwn
arnd  cross-orice elasticities.  ll  the  own-orice elasticities are
negative,  ranglinig  from -0.0123  (clotnin  g  & other  ron-fcods)  for
rural  medium-income  nouseholds  to  -2.5444 (clotning  &  other  non-
foods)  for  rural  nigh-income  households.  With only  a  few  exceo-tions,  most  of  the  own-orice  elasticities  are  greater  (in  abso-
lute  values)  than  unity,  a  result  that  stands  in  contrast  to  all
the  findings  based  on  the  linear  expenditure  system.  For  food,
the  own-orice  elasticity  tends  to decline as household  income
increases,  the  only  exception  being  the rural high-income house-
nolds,  which  have  the  highest  elasticity  (-1.6034)  among  all
household  income groups.  Among  the 36 cross-price elasticities
(across commodity and  household groups),  26  are  positive  (meaning
oross  substitutability) arnd  10  are negative  (mreaning gross com-
opementarity).  The  negative  cross-price  elasticities  carn  e  the
result  of relatively  high subsistence  expenditures  or  a  rela-
tively  low curvature  parameter  c.
The  last  column oresents the  total expenditure  elasticiti  es.
The total expenditure  elasticity of  food  tends  to follow a  oat-
tern.  That  is,  it  tends  to  decline as  income  increases,  exceot
for  the  rural  medium-income housenolds,  wnich have  a  total
exoenditure  elasticity  of  1.2592,  a  little higher than  that  of
the  rural  low-income  households  (1.2117).
The  total  expenditure  elasticities  vary  substantially  across
the  househola  groups,  ranging  from  0.0057  (clothing & other non-
foods)  for  rural  medium-income  households  to 2.2066  (clothinr  &
other  non-foods)  for  urban  high-income  households.  For  rural
low-income  and  rural  medium-income  household  groups  all  the
aggregate  elasticities,  including  price and  exoenditure elastici-
ties, are  extremely  small,  as  compared  to  those  of  the  other
nousehold  income groups.  This  is due to  the extremely  low value
of the  orice  oarameter  a 3 in  both cases.
27Since  the  aggregate  demand system  is  consistent  with  corn-
strained  utility  maximization, the  homogeneity  condition  holds
automatically.  rndeed,  this  cart  be verified  from  Table  D.I.  For
all  the  commodity  grouos,  the  horizontal  sumrmation  of  exaerniture
elasticity  and  the uncompensated  own  and  cross-orice  elasticities
equals zero.
Comoerisated  Elast icit  ies
Also  included  in  Table  D.1  (columns  6,  7  and  8)  are  the
compensated  orice  elasticities  of  aggregate  commodity  groups.
They  are  derived  from  the  uncomoensated  elasticities  by  using  the
Slutsky  equat ion:
c
11  ii  1  j  iy"
wnere  E.  ard  E.  are  respectively  the  compensated  and  unrcom-
i  3  i  .1
oensated  elasticities  of  comrmodity  group  i  with  respect  to  the
orice  of  commodaity  group  3,  s  is  the  exoenditure  snare  of
commodity  group  j,  and  E.  is  the  expenditure  elasticity  of
ly
commodity  grouo  i.  From  (6.1) sortme  facts  are  exoected  a  oriori.
For example,  in case of  own-price elasticities  (ij=),  the  compen-
sated elasticity  (E.)  will  be  less  neoative thanr  the uncomperr-
sated elasticity  (E..)  if  the expenditure elasticity  (E.  ) is
positive.  The sign of the compensated cross-price elasticity
(Ec  ii  )  is not  knownr  in  general;  it  depends  on the signs and
magnitudes of the uncompensated  price elasticity  E.  and  the
exoenditure  elasticity  (E.  ).
iy
In evaluating the aggregate compensated elasticities, one
sees that  all  the own-orice elasticities are smaller  (in  absolutevalues)  than  their  uncomoensated  counterparts.  Furthermore,  all
the  cross-orice  elasticities are  positive,  meaning  net  substi-
tutability  among aggregate  commodity  groups.
As  for  the  homogeneity  condition,  it  requires  that  for  each
commodity  group  the  compensated  own  and  cross-orice  elasticities
sum  to  zero.  Indeed,  in  Table  D.1,  the  horizontal  summation
across  columns  6,  7  and  8  is  zero  for  all  commodity  and  household
groups, exceot  for  rounding  errors.
6.2  Food  Price  and  Expenditure  Eliasticities
For  the  food  commodities  there  are  two  different  sets  of
elasticities:  the partial elasticities and  the total  elastici-
ties.  The oartial  elasticities  can  be  derived  directly  from the
cond itional  food  demand equations,  in  which the total  food
exoenditure  is held  constant.  The  total  elasticities  allow the
total  food expenditure to vary and have to  be derived  from  the
total  food demand  equations, which are  obtained  by  inserting the
aggrecate  food  exoenditure  equation  into  the  conditional  food
demand  equations.  While  it  would  be  interesting  to  see  how
oartial  elasticities differ from total  elasticities, due to space
limit  only the total  elasticities are reported.  These are the
relevant  elasticities to  look at  for  policy analyses.  Again,
both uncompensated  and compensated  elasticities are  computed.
Uncomoensat ed  Ea  ist  i c i t  i es
Table D.2  oresents the total  rice  arid  expenditure elastici-
ties of the ten food commodities across nousehold grouos.  In
general,  these elasticities have the a  oriori  signs.  For exam-
ple,  all  the own-orice elasticities  for the ten food commodities
29are  negative  across  all  household  grouos, ranging  from -i0.49 •24
(rice) for urban  low-income households to -1.3795  (animal  oro--
ducts) for rural  high-income households.  For rice, other cereals
& root  crops, and dry  beans,  which  constitute  the main  staple
food  of  the Dominican  households,  the  own-price elasticities are
all  less  than  unity  (in  absolute  values)  across all  household
groups.  In  fact,  a very  large  oortion of the  own-price elastici-
ties are  less than unity.  For the cross-price elasticities, a
large oortion are negative, which meanss  rss comprlementaribty
amongric  crmmodities.  However, the  mapgnitiudes  of these cross-orice
elasticities are rather small,  with  a maximum  (in  absolute value)
of -0. 1940  (elasticity of rice  with respect  to  the orice of
animal  oroducts) for rural  high-income  thouseholds.  The negative
cross-orice elasticities can  be  seen as a result  of the income
effects outweighing substitution effects.  This  is  not  a surori-
sing  result;  it  is  consistent  with the  results obtained  by  Pitt
(1983)  for the case of  Rural  Bangladesh.
Also oresented  in  Table D.2  (the last  column) are the total
exoenditure elasticities of  food commodities.  There is  a clear
oattern  in  these elasticities.  For rural  households, the total
expenditure  elasticity  tends to decline to-warcs higner-income
household  grouos for nuts  & vegetables,  fruits,  fats & oils, and
miscellaneous foods.  For the rest  of  the fooc  commodities, wnich
include rice,  otner cereals & rootcroos, sugar & sweets, cry
Deans,  animal  oroducts,  fats & oils, ancr beverages  & tobacco,- the
medium-income  ousenolds.  ternd  to  have  a  higher  total exenrdi-ture
elasticity tran  the  low-irncome  ncusenolds.  Forr the urban house-hole croups,  the  oattern  is  evern  clearer.  The  total  ex  enciture
elasticity  declirnes  with  increasing  household  income  for  all
commod:ities.  T  is  is  but  an  observation  of  Engel'  s  law.  More-
over~,  th~ese  results  illustrate  the  importanrce  of  stratifyir  ng  the
sariale  to  account  for  the  nonl iearit  ies  of  Engel's  functJio ns
that  our  model.  is  not  otherwise  sufficiently  flexible  to  caoture.
Cor; oens!at ed Elas  iciti  es
rom  the  total  food  elasticities,  the  compenrsated  price
elsticities  were  also  corou.ted,  acain  Ausin  the  Slutsky  ecua-
ioe.  The  co,:oerosa"ted  total  food  orice elasticities  are  reCorted
in  Tr:  .e  D-.  3.  In  comoarinr  the  compnensated  (Table  D  3)  and
,un-conoernsated (Table  D.3) elasticities,  one  sees  that  all  the
corc.  'rsate  :  owr-orce  elasticit  ies  are  srmIaller  tharn  tneir  unrcomr-
pensateo  counterparts.  :4  large  porti  onc of  the  compeenrsated  cross-
:r-ice  elasti:citJies  are  now  positive,  meaning  nret  su.s'C itutaoility
amor:ls  food  cormodi  ities.
,.3  Elasticities  of  ~ggregate  Commodities  with  respec  to
In dividual  Food  Prices
Table  D.4  presents  the  elasticities  of  aggregate  cornmodities
with  resnect  to  irndividual  food  orices.  Again,  both  uncomoen-
satea  and  comroensated  elasticities  are  reoor'ted.
r,  comroensat+P  ed E.  ast icit  ies
The  uncomroensated  cross-orice  elasticities  are  reoorted  in
the  u.oer  half  of  Table  D.4.  In  evaluating  tnese  elasticities,
o-:e  sees  that  they  tend  to  oe  rather  small,  the  maximum  (in
absolute  value)  being  0.45  (elasticity  of  clothing  & other  non-
foods  with  resoect-to  the  orice  of  animal  products)  for  ruraln ich-irncomCe  nouseholds.  cis  n  aooarent  i~soatern  s  That  the  elastic-
ities  are  3ositive  for  all  tIhe  rurai  houserhold  crouos  arn  tne
urbarn  oiw-  inrco:me  grouo,  and  nregiative  thro-,ugnhccout  for  the  urobar
mediumia  arnd  hi  h-  r  income  nn-ousehold  crouos.  Th is  resut  is  consis-
tenrt  with  the  fact  that  the  cross-oice  elasticities  of  housinr
anc  clothirng  &  other  norin-foods  are  all  rnegative  focr  the  urbar
medzvnium  and  high-ircome  housenhold  grouos  (see  Taole  D.  ).
Presented  in  the  lower  iLf  of  Table  D.  4.  are  tne  comi-oen-
*atec  cross-orice  elasticities  of  a gregate  commodity  grouos  witn
rescect  to  in-dividual  f-'ood  or-ices.  A.ll  the  elasticities  are
Ssitive,  which  i roli es  n et  ccirIoiermentarity  betweern  anoregate
rnn-food  c  , Crr'oodity  Ltv  c  u' ps  arnd  a ll  irci  ivid  ual  food  ccr,,rnoc  1 ities.
eTese  cororernsatecd  cross-orice  elasticities  are  rather  small.
Spowever,  the  largest  bein  o  0r  373  (easticities  of  cloth:inr  &
o.her  r-no-fo-ocs  w:Lth  resoect  to  the  orice  of  rice)  for  rural
hi  rh-inrcome  houiseholds.
6.4  Eiasticities  of  Food  Cornrmodity  Items  with  resoect  to
the  rPrices of  Acggregate  Comrmodit vGrouos
Table  D.5  oresents  the  elasticities  of  food  commodities  witn
res•eect  to, the  orices  of  ag cregate  rron--food  cornmmodity  grouos.
Botni  the  urncopmoensated  anrd  comroenrsated  elasticities  are  reoorted.
Unrcomroersat ed  East  icit  jes
Columns  3  and  4  oresert  the  uncomoernsated  elasticities.  The
elasticities  of  fooo  commodities  with  resoect  to  the  orice  of
housin  ternd  to  be  rather  small.  However,  the  elasticities  witn
32respect  to the price  of clothing  &  other nor-fooas  vary signifi-
cantly,  ranging  from 0.04  (elasticity of nuts & vegetabies with
resoect  to the price of cliothing  & other  non-foods)  for  uroan
medium-income households to  0.9799  (elasticity of animal  oroducts
with resoect  to the price of  clothirnc  & other non-foocs) for
rural  •.igh-income households.  In  fact,  the elasticities with
resoet to  t•e orice  of clothing  & other non-foods are mucn
nighher  than the others for both  rural  and high-income housenolds.
This  is consistent  with  the relatively high cross-price elastic-
.ty or  aggregate fooc  with  respect to  the  onrce ,of  clothingr.  &
ocher non-foos  (see Table D  ,i) for the corresponrtdirg  two hnouse-
hold  groups.
C,-r,;f!ert3  sate•  . C  E.-  ast  jc. t i  es
The compensated elasticities  are oresented  in  c,,olumns  5 and
6.  As compared  to their  uncompensated  counrterparts, the oositive
elasticities are bigger, whereas the rtegative  elasticities  are
smaller  (in absolute values).  The elasticities with resoect  to
the orice of housing  are positive  for  all  the food commodity  and
household  groups,  which  implies  net  complementarity.  For all
food  commodities, the elasticities with respect  to the  price of
cloithring  &  otheri  non-foords  are  positive for rural  high-income
households  arn  all  urban  households.
6.5  Elasticities of Aggregate Commodities with resoect  to
Household  Comrn  osit  ion Variables
One of the good  features of household-level data  is  the
richness of  informatiorn on the household characteristics, an
apoarent  advantage over the use of aggregate data like  timeseries.  The household  characteristics variables used  in  this
studyv  inclucec  a  dummy variable  for the sex  of  nousenold  head  ant
tnree nousehold age cornoosition variaoles.  Table D.6 oresents
the elasticities of aggregate  commodities with respect  to the
household  composition variables.  Overall,  these elasticities
ternd  to  be rather small  across  all  the household and  commor-dity
groups,  exceot  for the  rural  high-income  households,  whic.h  nave
relatively high  elasticities of housing  with respect  to  all  three
ace  comroosition variables,  as  compared  to the other  household
rou's.  AP verv apoarent  pattern  in  these  elasticities  is  tnat
;he  e  i  as  ici  ies  of  f'ooda  are  all  oS1  sitive  with  onl y  one exceip-
"ionr  the  elasticity  with  respect  to  the  number  of  children  aged
0-7.  The  oositiveness of  these  food  elasticities  is  ratner
understaridable,  since  increasing  the  number  of  housenold  members
would  most  likely  increase  the  food  demand, at  least  for  food  as
an  aggregate.
6.6  Elasticities  of  Food  Commodities  with  resoecr  to
Household  Composit ion  Variables
The  total  elasticities  of  food  crommodities  with  respect  to
thousehold  composition  variables  are  oresented  in  Table  D.7.
These  are  derived  from  the  total  foo  demand  functions.  In
evaiuating  the  total  elasticities,  one  sees  that  they  are  ratner
small,  havinr  a  maximum  (in  absolute  value)  of  0.4097  (elasticity
of  miscellaneous  food  item  with  resoect  to  the  number  of  children
aged 0-7,  rurali  high  income  nouseholdcs)  and  a  minimum  of  0.0003
(elasticities  of  nuts  &  vecetables  with  respect  to  the  number  of
chilorer  aged  0-7).  There  is  no  significarnt  oattern  in  these
elasticities  exceot  That  for  rice  ste  elasticities  with  resoect
34to  the  rnumber  of  all  classes  of  housenold  memoers  are  all  ocsi-
t ive  across  all  household  grouos.
357.  Overview  anci  Conclusion
In  the  broadest  sense,  this  stuoy  provides  insights  irto  the
consumr  tionr  behavior  of  Dominican  households  withir  the  framework.
of  cemano  systems.  To  this  end,  a  two-level  aermand  model  derived
from  a  strongly  seoarable  con  itional  indirect  utility  function
was  estimated.  The  aata  base  consisted  of  4028  observations  from
a  rnat~ionwice  nousenold  udaget  survey  carried  out  in  the  Dominican
Republic  during  1976-77.
Irn  articuiar,  the  study  exilores  the  eff=ects  of  three  basic
rouos  ofc  determi:rnants  of  houseihold  consumption:  (i1)  commooity
orices,  (2;)  householdO  total  expenditure,  and  (3)  nouseniold  ero-
araohic  variables.  The  oresent  treatments  of  these  classical
issues  involves  two  significant  contrioutions:  (1i)  successful
appolication  of  a  classical  theoretical  result  about  commodity
decentralization  and  orice  aggregation  that  has  not  often  oeen
tfulyv  recogn i zed  anrd  ut  li  zed  irn  ermoirica  demand  anaiysis,  ana
(2)  successful  apclicatiorn  to  the  demand  system  framework.  of  a
modern  econometric  technioue  to  deal  with  i imited  aecendent  vari-
ables,  a  problem  often  encountered  in  the  use  of  nousehold-level
data.
The  cata  orovides  information  on the  consumotion  of  477
coi-mmodities  for  eacn  household.  Two  orocedures  were  followed  to
keep the  proolem  manageable.  First,  the  commodities  were  aggre-
gated  accorcing  to  a  scheme  conrsistent  with  the  interest  in  food
demarnd  ara  its  implications  for  food  oolicy  aro  its  impacts  on
rural  and  urban  nouseholds  in  tne  Dominican  Reoublic.  This  iet
to  less  aggregate  grouos  of  food commodit ies  anci  more  aggregate
grouos  of  non-food  commoit ies.  A  com-lemerntary  oroceaure  was  to
36impose  certain structure on the utility function which  allowed
the two-stage estimation  of a  relatively  large system of demand
equations.
In  this study the particular  interest  lay  in knowing  how
households with  different  attributes  oehave differently wren
resoonding to orice  and  income changes.  Tnerefore.  the data  were
divided  into 6 different  strata basea on the rural/urban classi-
fication  and  total  expenditure  levels.  Since the aggregate
exoenc  it  ure  functions are  linear  in  total  exoenditure, the stra-
tiication of  tne data accordinr to total  exoend  iture level  was
expected  to cormpensate  for the defects of having  linear aggregate
ex  oendr  it  ure  funrct  ions.
For all  groups of nouseholds, the cconsumption  oarameters
were estimated  and  the demand  elasticities computed.  The results
indicate  that  the data  fit  the model very  well  and the methodol-
ogy  employed  is rather promising.  Below  some of the most  conclu-
sive empirical  findings  (in terms of demand  elasticities) are
summari  zed.
(1) For all  the  aggregate commodity  grouos, the own-orice
elasticities are negative  across  all  household  income grouos.
Furthermore, most  of these elasticities are greater  (in  absolute
values) than unity. a  result  that  stands  in  contrast  to all the
finaings based  on the  linear exoenditure system.
(2) For the urban households, the own-orice elasticity of
food  as  an aggreoate tends to decline  (in absolute values) as
housenold  income  increases.  This means that  housenolds with
37hiiher  income  ternd  to  e  less  resoornsive  to  own-orice  cnarnes  in
food  conr1sumOt ion.  For  rural  housenolds.  the  same  results  are
observed  except  for  the  rural  high-income  nouseholds.
(3)  While  the  uncomroensated  cross-orice  elasticities  suggest
gross  compl•ementarity  armongr  aggoregate  comrmodity  groups  for  some
household  income  groups.  the  comrenrsated  cross-orice  elasticities
suggest  net  complementarity  for  all  household  income  groups.
(4)  For  the urban  hiouserhoas,  the  total  expenr•iture  elastic-
i·y  of  food  as  anr  aggregate tenrds  to  decline  as  nousenold  i ncome
inrcreases.  his  s  an  emoirical  evidence  of  Ernoel••s  law.  For
the  rural  households,  the  same  results  are  ooserved  exceot  for
the rural  rneci  umr-irnccrome  touseno  lds.
(5)  For  the  rural  low-income  and medium-income  households,
all  elasticities  of  clothirn  &  other  non-foods  are  relatively
smalI,  as  czomoared  to  those  of  the  other  household  income  arouos.
This  result  lends  suooort  to  the  notion  that  the  need  for  caoital
deeoening  in  arriculture  to  meet  rising  demands  for  food  may
exceed  that  of  the  non-food  sector.
(6)  For  food  commodities,  all  ownr-orice  elasticities  are
negative  across  all  household  income  Orouos.
(7)  For  the  staole  foods  like  rice, other cereals  & root-
croos,  arnd  dried  beans,  the  own-orice  elasticities  are  all  less
(in  absolute  values)  than  unity  across  all  household  income
groups,  rural  or  urban.
(8)  For  food  commodit ies,  a  very  laroe  oortion of  the  uncom-
38oensated cross-price elasticities are negative, meaning  gross
complementarity  amonrg  foods.  However, the  compensated cross-
orice elasticities suggest complementarity among  a significant
portion of the  food commodities.
(9)  For the  rural  housenolds, Engel's  law  is observeo  in
nuts  &  vecetables, fruits,  fats  & oils,  and miscellaneous fooas,
For the urban households, the  law  is observed  in  a:ll  food  cormmoo-
ities.
(Z0)  The elasticities with  resoect to  housenol.  cornoosit  ion
variables are  less conclusive.  Two oatterns  are ooservea:
(a)  The elasticities for food  as  an aooregate are all  oositive
w:.th  resoect  to all  three household composition variables with
the exceotion of the nurmer  of children aoed 0-7 for rural  low-
income nousenolds.  (b) For rice, the elasticities with respect
to all  three household  comoosition variables are  oositive across
all  household  income 0rouos, rural or uroan.
39I/  The  study  is  oased  on a  survey  of  4028  housenolds  in  the
Domirnircar  Reouolic.  The survey  was  conauctec  over  a  Deriod
of  one  year,  from  May  1976  to  April  1977.  Detai le  inrforma-
tion was  oatained  orn  households'  entire  consumotion  bundle,
expenditures,  souress  cof  household  income  and  and houseold'  s
democraoDic  characterist  ics.
2/  The  intractibi  ity  of  the  Kuhn-Tucker  conditions  orecludes
tine  use  of  most  cormmornly  used  Cirect  utility  functions.
Furthermore,  as  ooinrteci  out  by  Wales  ana  Woodland  (1983),  the
standard  duality  approach  is  inappropriate  for  dealing with
non-neoative  constraints.  This  results  because  when  there
are  bindiing  norn-negative  constrainrts  the  indirect  utility
function  is  not  oroperly  defined.  The  use  of  the  Kuhn-Tucker
aooroach  is  thus  rather  limited.  See  Yen  (1986.  oo.  75-76)
for  a  morre  detailed  discussion  of  this  oroblem.r
40iAotendrix  A
The  DataThe  data used  in this studv was extracteo  from  the data  file
of the  "First  National Survey on Household  Income and  Expendi-
ture"  (SHIE), collected  by the National  Office of  Statistics and
the Central  Bank of the Dominican  Reoublic.  The  background of
the survey and the data has  been described elsewhere  (see, e.g.,
Sanchez,  1982;  Musgrove, 1984,  1985;  Ross,  1982).  The survey was
nationwide and  covered  all  types  of households  excluding  only
one-person households.  In  all,  4457 households were selected, of
which  4028 were  finally  included  after data cleaning.
For each  household, the  data described each  consumiotion  item
with  six  variables:  (1) the household  identification number.  (2)
the  quantity  of the  good  consumed,  (3)  the  amount  paid  for  it
(exoenditure),  (4) the  origin of the good,  (5) which  member of
the household  was  responsible  for any  in-kind  income of  that
particular good,  and  (6)  the value of  in-kind  income of  that  good
received.  There  are  477  of  such  goods, of which 226 are foods
and  251  are non-foods.  The  whole set  of  commodities were aggre-
gated  into  three aggregate  commodity groups:  (1) food,  (2)
housing, and  (3) clothing  & other  non-foods.  Also, the food
items were aggregated  into  a branch  of ten  groups, which  included
(1) rice,  (2)  other cereal  products  & root  crops,  (3) sugar  &
sweets,  (4)  dried  beans  & other  dried  legumes,  (5)  nuts, seeds  &
vegetables,  (6)  fruits,  (7)  animal  oroducts,  (8)  fats  & oils,  (9)
miscellaneous foods, and  (10)  beverages  & tobacco.
Exoend it  ures
For each household, the expenditure of each commodity  group
was aerived  by summing  the reported expenditures on  all  thecommodity  items  in  that  group.  Each  expenditure  category  also
included  the  value  of  in-kind  income  received.
Socio-demoorah  ic Variables
The  household  demographic  variables  included  in  this  study
are  defined  as  follows:
21  =  if  the  head  of  the  household  is  male,
=  0  otherwise;
z  =  number of persons  aged  18 or  over;
z 3  =  number of persons  aged 8  - 17;
z  =  number of persons aged 0  - 7.
Price  Indices  of  Comoosite  CommoditY  Grou2s
For  the  aggregate  commodity  groups,  price  indices  needed  to
be  computed  according  to  some  aggregation  schemes.  However,
because  in  this  data  set  the  individual  commodity  items  were
measured  in  different  units  (except  the  food  items),  some  nornal-
ization had to be done on the  individual  prices before they were
aggregated.  In this study, all  individual  prices were divided  by
the corresponding weighted sample averages before being  used  in
constructing the price  indices for the aggregate commodity
groups.  To  illustrate,  given  the  individual  prices  for  commodity
i  faced by household  t,  one can compute the weighted sample
average of each  orice  i  as
- 7T  T
i  =   t=l  it  / t=1  wt
where  wt  is the sample weighting factor corresponding  to house-
hold  t,  and  T  is  the number of households  in the sample.  Then
43given  the  set  of  commodity  subscripts  I  =  (1,2,...,n)  and  its
oartition  I  =  (  ,...,  ),  where  m  is  the  total  number  of
commodity groups, the price  index  for commodity  group  r  faced
by household  t,  Prt  can be  derived  as
Pt =   r  Eit  / L  Et)  i/  i)  r =  i,2,...,m,
1t  Ir  it  riI
t  =  1,  ,.  ..  T,
where  the  first  bracketed  term  on  the  right  hand  side  is  the
expenditure  proportion  of  component  commodity  i  in  the  group
r,  and  the  second  bracketed  term  is  the  normalized  individual
price  (observed price divided  by  its sample average).  This
formula  was  applied  in  constructing  the  price  indices  according
to the aggregation scheme described above.
Descri2tive  Statistics
The  data  were  stratified  into six  strata  according  to  the
rural/urban  classification  and  income levels  and,  for all  groups
of  households, the descriptive statistics of the variables  used
in  this study were computed.  For continuous variables the means
and  standard  deviations  were  reported,  whereas  for discrete vari-
ables  the  frequency  distributions  were  reported.  All  the  comou-
tations  were  weighted,  using  the  sample  weighting  factor  as  the
weight.  Therefore, the sample statistics computed  are unbiased
estimates of the true statistics  for the population and  the
household  groups,  since  the  nonprooortionality  in  samplinig  was
accounted  for  by  the  use  of  the  weight.  The  descriptive  statis-
tics of variables are  oresented  in Tables B.1  through B.8  in
aoendix B.
44Appendix  B
Descriptive  StatisticsTable  B.  1  M  ean  Exoenditure  Data:  Rural  Households
(Unit  =  $RD  oer  Month)





Other  Cereals  &
Root  Croo
Sugar  &  Sweets
Dried Beans
Nuts,Seeds  &  Veg.
Fruits
Animal  Products
Fats  &  Oils
Misc.  Foods
Bev.  &  Tobbaco
2.  Housing







(  5.897)  (  7.246)
7.207  11.348
(  5.576)  (  7.794)
2.077  3.239
(  1.282)  (  1.720)
4.577  6.468






(  4.437)  (  6.844)
8.427  19.165
(  6.523)  (10.319)
5.582  9.503
(2.902)  (  4.444)
2.863  4.615





































































(51.  177)Table  B.2  Mean  Exoenditure  Data:  Urban  Households
(Unit  $=  RD  er  Month)
------ Household  Income  Grouos
Low




Other Cereals  &  6.993
Root  Crop  (  4.671)
Sugar  &  Sweets  2.487
(  1.393)
Dried  Beans  4.114
(2.910)




A nimal  Products  18. 704
(11.  100)
Fats  & Oils  7.066
(3.572)
Misc.  Foods  6.138
(10.362)
Bev.  & Tobbaco  5.459
(5.777)
2.  Housina  27.615
(13.614)





































(  8.704)  ( 7.939)
18.149  11.811
(10.426)  (  8.700)
6.211  4.174
( 4.285)  ( 3.301)
6.410  5.280Z
(  4.372)  (  3.768)
11.063  6.583
(  6.882)  (  5.627)
16.810  10.176
(10.553)  (  8.854)
72.  753  42.264
(36.992)  (32.512)
16.518  11.619











1/  In  oarentheses  are  the  standard  deviations  of  variables.
47Table  B.3  Standard  Deviations  of  Price  Indices2:  Rural
Households
----- Household  Income  Grouos
Low  Medium  High  Average
1.  Food  .096  .264  .172  .193
Rice  .092  .321  .637  .421
Other Cereals  .332  .441  .459  .420
Sugar  & Sweets  .149  .552  .310  .378
Dry  Beans  .219  .215  .220  .218
NutsSeeds &  Veg.  .200  .195  .250  .218
Fruits  .426  .621  .365  .481
Animal  Products  .173  .344  .336  .298
Fats  & Oils  .144  .450  .446  .380
Misc. Foods  .214  .272  .249  .247
Bev.  & Tobacco  .363  .471  .379  .407
2.  Housing  .235  .230  .521  .368
3.  Clothino  & Other  .179  .218  .405  .296
Nonfoods
1/  Since  the  sample  averages  of  price  indices  are  expected
to  be  arround  unity  by  construction,  these  atandard
deviations  can  be  a  rough  estimates  of  the  coefficients
of  variation.
2/  Each  Price  index  was  computed  as  an  unitless  indicator
which  captures  the  price  variations  of  component
commodities.  See  text  for  detail.
481  2
Table  B.4  Standard  Deviations  of  Price  Indices  :  Urban
Households
SHousehold  Income  Groups  ---
Low  Medium  High  Average
I.  Food  .216  .201  .236  .221
Rice  .061  .499  .630  .466
Other Cereals  .684  .522  .819  .698
Sugar & Sweets  .088  .223  .526  .339
Dry Beans  .253  .157  .497  .336
Nuts,Seeds  &  Veg.  .186  .163  .235  .199
Fruits  .665  .525  .480  .562
Animal  Products  .306  .330  .335  .325
Fats  &  Oils  .145  .208  .306  .226
Misc. Foods  .294  .311  .345  .319
Bev. &  Tobacco  .579  .454  .429  .492
2.  Housing  .424  .372  .661  .540
3.  Clothing  &  Other  .379  .212  .340  .326
Nonfoods
1/ Since  the  sample  averages  of  price  indices  are  expected
to  be  arround  unity  by  construction,  these  atandard
deviations  can  be  a  rough  estimates  of  the  coefficients
of  variation.
2/  Each  Price  index  was  computed  as  an  unitless  indicator
which  captures  the  price  variations  of  component
commodities.  See  text  for  detail.
49Table  B.5  Mean  Number  of  Persons  per  Age  Class:  Rural
Households
SHousehold  Income  Groups  ------
Low  Medium  High  Average
0-  7  years  1.209  1  1.438  1.552  1.402
(1.281)  (1.337)  (1.408)  (1.351)
8-  17  Years  1.228  1.779  2.352  1.794
(1.430)  (1.606)  (1.861)  (1.707)
18 or Over  3.311  3.624  4.119  3.690
(  .994)  (1.104)  (1.503)  (1.268)
Total  5.748  6.841  8.023  6.886
I/  In  parentheses  are  the  standard  deviations  of  variables.
Table  B.6  Mean  Number  of  Persons  per  Age  Class:  Urban
Households
---------  Household  Income  Groups  ---------
Low  Medium  High  Average
0-  7  years  1.060  1  1.104  .916  1.028
(1206)  (1.220)  (1.  133)  (1.  189)
8-  17  Years  1.327  1.626  1.771  1.566
(1.381)  (1.616)  (1.647)  (1.557)
18  or  Over  3.323  3.803  4.445  3.837
(1.048)  (1.244)  (1.659)  (1.408)
Total  5.710  6.553  7.132  6.421
1/  In  oarentheses  are  the  standard  deviations of  variables.
50Table  B.7  Frequency  Distribution:  Sex  of  Household  Heads
- Rural  Households
----  Household  Income  Grouos  -
Low  Mediumr  High  Average
Male  570  669  734  1972
(74.3%)  (86.1%)  (91.4%)  (84.0%)
Female  197  108  69  375
(25.7%)  (13.9%)  (8.6%)  (16.0Z%)
Total  767  777  803  2347
(100%)  (100%)  (100%)  (100%)
Table  B.8  Frequency  Distribution:  Sex  of  Household  Heads
- Urban  Households
-------  -- Household  Income  Grous  -----------
Low  Medium  High  Average
Male  384  413  424  1220
(65.4%)  (74.4%)  (78.8%)  (72.6%)
Female  204  142  114  461
(34.6%)  (25.6%)  (21.2%)  (27.4%)
Total  588  555  538  1681
(100%)  (100%)  (100%  )  (100%)
51Aooendix  C
Nonlinear  Rearession  ResultsTable  C.1 Maximum  Likelihood  Estimation  of  Aggregate
Demand  System:  Rural  Low-income  Households
































































Function  Value  =  -4.57710721E+03
Samole  Size  =  767
1/  In  oarentheses  are  the  subscripts  of  parameters.  d(r,.0)
are  associated  with  the  demographic  variables,  c  is  the
curvature  parameter,  a(r)  are  associated  with  the
prices,  and  t(i,j)  are  elements  of  the  triangular  matrix
upon  decomposition  of  the  variance-covariance  matrix.
Subscript  r  refers  to  the  equation  number,  where
1  =  food,  2  =  housing,  and  3  =  clothing  &  other  non-
foods.  Subscript  -.  relates  to  the  demographic
variables,  where  0  =  constant,  1  =  sex  dummy  for
household  head,  2  =  number  of  children,  3  =  number  of
adolescents,  and  4  =  number  of  adults.
2/  Parameters  c,  a(1)  and  a(3),  for  which  the  standard
errors  were  not  computed,  are  the  results  of  logistic
transformations  from  the  MLE's  of  oarameter  estimates
and  represent  the  true  consumption  parameters.  The
MLE'  s  of  the  corresponding  untransformed  parameters  are:
c'  =  1.1646  (0.0885),  a'  ()  =  3.9965  (0.3790),  and  a'(3)
=  -3.9875  (0.3791),  where  the  numbers  in  parentheses  are
the  asymptotic  standard  errors.  See  text  for  details.
d(1,0)- i
d(2, 0)






d (2,  2)
d (2,  3)
d (2,  4)
d(3,  1)







t  (3,  1)
t  (3,  3)
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Demand  System:  Rural  Medium-income  Households

















































































Function  Value  =  -5.77132647E+03
Sample  Size  =  777
1/  In  parentheses  are  the  subscripts  of  parameters.  d(r,.)
are  associated  with  the  demographic  variables,  c  is  the
curvature  parameter,  a(r)  are  associated  with  the
prices,  and  t(i,j)  are  elements  of  the  triangular  matrix
upon  decomposition  of  the  variance-covariance  matrix.
Subscript  r  refers  to  the  equation  number,  where
1  =  food,  2  =  housing,  and  3  =  clothing  &  other  non-
foods.  Subscript  .Q relates  to  the  demographic
variables,  where  0  =  constant,  1  =  sex  dummy  for
household  head,  2  =  number  of  children,  3  =  number  of
adolescents,  and  4  =  number  of  adults.
2/  Parameters  c,  a(1)  and  a(3),  for  which  the  standard
errors  were  not  computed,  are  the  results  of  logistic
transformations  from  the  MLE  s  of  parameter  estimates
and  represent  the  true  consumption  parameters.  The
MLE'  s  of  the  corresponding  untransformed  oarameters  are:
c'  =  1.1052  (0.1200),  a'(1)  =  4.1589  (0.8633),  and  a'  <3)
=  -3.9931  (0.8943),  where  the  numbers  in  parentheses  are
the  asymptotic  standard  errors.  See  text  for  details.
54Table  C.3 Maximum  Likelihood  Estimation  of  Aggregate




















































































Function  Value =  -8.85641176E+03
Sample  Size  =  803
I/  In  parentheses  are  the  subscripts  of  parameters.  d(r,.Q)
are  associated with the demographic variables,  c  is the
curvature  parameter,  a(r)  are  associated  with  the
prices,  and  t(i,j)  are  elements  of  the  triangular  matrix
uoon decomposition of  the variance-covariance matrix.
Subscript  r  refers  to  the  equation  number,  where
i  =  food,  2  =  housing,  and 3  =  clothing  & other  non-
foods.  Subscript . relates to the demographic
variables, where 0  =  constant,  1 =  sex dummy for
household  head,  2  =  number  of  children,  3  =  number  of
adolescents,  and  4  =  number  of  adults.
2/  Parameters  c,  a(1)  and  a(3),  for  which  the  standard
errors  were not  computed, are the results of  logistic
transformations from the MLE's of  parameter  estimates
and  represent  the  true  consumption  parameters.  The
MLE's  of  the  corresponding  untransformed  parameters  are:
c'  =  0.9766  (0.0629),  a'(1)  =  0.2647  (0.0214),  and  a'(3)
= 0.6142  (0.0247),  where  the  numbers  in  parentheses  are
the  asymptotic  standard  errors.  See  text  for  details.
SS=3=SSSSSMSwSmaft  SSSKS=S=S=S=SSS=S=SS:3SSSSSSSS"S==SS=3aSSSSSSSKSSS=SaaSSSSSS=S.2w '"m  40ý  I  · III~·L·~·~·~~··  ~  1  - deem  .0.0  ý"  doom  4209  ýft  m  0000  WAM  ago*  am&  -weIIIII  I  _·ll)·~·LI·  llTable C.4  Maximum Likelihood  Estimation of  Aggregate
Demand  System:  Urban  Low-income  Households
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Function  Value  =  -4.38560931E+03
Sample  Size =  588
I/  In  parentheses  are  the  subscripts  of  parameters.  d(r,-.)
are  associated  with  the  demographic  variables,  c  is  the
curvature  parameter,  a(r)  are  associated  with  the
prices,  and  t(ij)  are  elements  of  the  triangular  matrix
upon  decomposition  of  the  variance-covariance  matrix.
Subscript  r  refers  to  the  equation  number,  where
1  =  food,  2  =  housing,  and  3  =  clothing  &  other  non-
foods.  Subscript  Q.  relates  to  the  demographic
variables,  where  0  =  constant,  1  =  sex  dummy  for
household  head,  2  =  number  of  children,  3  =  number  of
adolescents,  and  4  =  number  of  adults.
2/  Parameters  c,  a(l)  and  a(3),  for  which  the  standard
errors  were  not  computed,  are  the  results  of  logistic
transformations  from  the  MLE's  of  parameter  estimates
and  represent  the  true  consumption  parameters.  The
MLE's  of  the  corresponding  untransformed  parameters  are:
c'=  -0.7773  (0.3751),  a'  ()  =  1.2525  (0.1790),  and  a'  (3)
=  -0.8886  (0.  1529),  where  the  numbers  in  parentheses  are
the  asymptotic  standard  errors.  See  text  for  details.
56Table  C.  5 Maximum  Likelihood  Estimation  of  Aggregate
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d (2,4)
d(3,  1)
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Function Value =  -5. 10026670E+03
Sample  Size  =  555
1/  In  parentheses  are  the  subscripts  of parameters.  d(r,.6)
are associated with  the demographic variables, c  is  the
curvature  parameter,  a(r)  are  associated  with  the
prices,  and  t(i,j)  are  elements  of  the  triangular  matrix
upon decomposition of  the variance-covariance matrix.
Subscript  r  refers  to  the  equation  number, where
1 =  food,  2  =  housing,  and  3  =  clothing  & other  non-
foods.  Subscript .0  relates to the demographic
variables,  where  0  =  constant,  I  =  sex dummy  for
household  head,  2  =  number  of  children,  3  =  number  of
adolescents,  and  4  =  number  of  adults.
2/  Parameters c,  a(1)  and  a(3),  for  which  the  standard
errors  were  not  computed,  are  the  results  of  logistic
transformations  from  the  MLE's  of  parameter  estimates
and  represent  the  true  consumption  parameters.  The
MLE's of  the  corresponding  untransformed  parameters  are:
c'=  -0.7769 (0.4470),  a'(1)  =  0.6469  (0.1414),  and  a'(3)
=  -0.5432  (0.1400),  where  the  numbers  in  parentheses  are
the  asymptotic  standard  errors.  See  text  for  details.
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Function  Value  =  -6.52087815E+03
Samole  Size  =  538
1/  In  oarentheses  are  the  subscripts  of  parameters,  d(r,Q)
are  associated  with  the  demographic  variables,  c  is  the
curvature  parameter,  a(r)  are  associated  with  the
orices,  and  t(i,j)  are  elements  of  the  triangular  matrix
upon  decomposition  of  the  variance-covariance  matrix.
Subscript  r  refers  to  the  equation  number,  where
1  =  food,  2  =  housing,  and  3  =  clothing  &  other  non-
foods.  Subscript  -6  relates  to  the  demographic
variables,  where  0  =  constant,  1  =  sex  dummy  for
household  head,  2  =  number  of  children,  3  =  number  of
adolescents,  and  4  =  number  of  adults.
2/  Parameters  c,  at()  and  a(3),  for  which  the  standard
errors  were  not  computed,  are  the  results  of  logistic
transformations  from  the  MLE's  of  oarameter  estimates
and  reoresent  the  true  consumption  parameters.  The
MLE's  of  the  corresoonding  untransformed  oarameters  are:
c'=  -2.3993  (1.1736),  a'(1)=  -2.3751  (0.4132),  and  a'(3)
=  5.3906  (1.1775),  where  the  numbers  in  parentheses  are
the  asymptotic  standard  errors.  See  text  for  details.
58Table  C.7 Maximum Likelihood Estimation of  Food Demand
System:  Rural  Low-income  Households
- Corner  Solutions  Considered
PARAMETERS






15  (1,  1)
5"  (i,  2)
S(3,  3)








15  (3,  3)
1  (3,  4)
a (4,  1)
t5*(4,  2)
"  (4,  3)
S'(4,  )
1 (5  ,  1)
"  (5, 2)











(5  (8,  2)
"  (8,  3)
15 (8,4)
5"(9,1)
5 (9,  2)
S(9,  3)
15"  (9,  4)


















































































































































rS  SSS=S =r  =  a"--=feSS=51SSS  SSS=.*soS=SS=SS  -SgoS=on"  40S-SBS  =5  amS  =-gSo* II  rnow  -low  am-  "Im  am"  -ft  mom  4swo  ý ý - ""  4ý  W.*  -Wr  ý  -. onrrr~(Table  C.7  crntinued)




t  (3,  1)
t  (4,  1)
4
t(6,1)
t  (7,  :)
t  (8,7
.b  (9  ,




t  (9,  )
%  (5,3)
•  . :  ::.  )
" (7,  ;3-)
t(  9,  3)
1  (3,3)
t  (4,  4)
t; (5,  )
"b  (7,  4) -- '  ':•  3"
t  (9,  4)
S(3, 4)
t  (87,5)
t i(9,  5)
t  (05,5)
t  (7,  5)
t  (8,  6)
t  (9,6) t(10,  6) *  (7, 7)
t  (8,67) t;  (9,  7)
t  l7,  7) t  (UL,  7)










- i.  3580257E+00
4. 76668961E-01






"-55281369  1E  01





























S7338370  i  1E+00
2.31397869E-0i
-8.  6746974E-01













































































































3.  13338986E-017  ccr~  iZ  t'xiiec
t  1I••  8)  .939033E-0S.3  2.  1071251E-02  1.39839929E-01
t  (9,9)  4. 02182961E+00  3.97958733E+01  1. 01061474E-01
t  ."  9.)  -. 91746329E-01  -2.. 41689735E+00  1. 20711096E-01
t(10,10)  3.25467869E+00  4.43794034E+01  7.33375946E-02
f--uct i on  Vaalue  =  -1.99843879E+04
Sample  Size  =  767
I/  rn  parerntheses  are  the  subscripts  of  parameters.  . (i)
are  the  price  oarameters,  '(i,j.)  are  associated  with  the
orice  variable  p(i)  arid  the  demographic  variable  z(Q),
and  t(ij)  are  elements  of  the  triangular  matrix  upor
deccmrosition  of  the  variarnce-covariance  matrix.  The
subscripts  i  ard  . refer  to  the  commcodity  number,  from
1  =  rice  to  10  =  beverages  &  tobacco,  whereas  -.  relates
to  the  demographic  variables:  1  =  sex  dummy  for
household  head,  2  =rnumber  of  children,  3  =  number  of
adolescenrts  and  4  =  nrumber  of  adults.
61Table  C.8 Maximum  Like  ihood  Est imrat.ion cf  F  ,ood  Demandar










(  ( 1,  1)
O (  1, 3)
S(1,4)
5(2,  1)
5 (2,  2)
5(3,  3)
5"  (3,  4)
' (4,1)
3(4,2)
a6  (3,  3)
5-  (4,4)
' (5,  1)
S(5,2) #"5  (5,  3)
'  (5,  4)
(6.,  2)
"  (6,  4)
15(6,  1)
'  (7,2)
5'  (7,  3)
#  (7,  4)
1(8., 1)
0  (8.,  3)
5  (8 3)
S(8.,4)
"  5(9,  i)
15  (9,  2)
6(9, 3)
. (9,4)
5 (10,  1)




















































1.3454 -54  18E+01
1.  7814494E+01

























































































i.  50793502E-0  i
4.  10724348E-02(Table  C.8 continued)
#(10,3)
S  (310,  4)
t(1,1)
t  (2,  1)
t  (3,  1)
t(4,  1)
t  (5,  k  )
t(6,  1)
t  (7,  1)
t  (8,  1)
-7)
S (9,  31)
- ( 10,  )
t  (2,  2)
t  (4-,  2)
•  (8,  2)
t  (  7  ;.J)
t  (5,  5)
t  (3,3)
(4,  3)
t  (6,  3)
t  (7,  3)
t  (8,  3)
t  (9  ,3)
t.  ( 5,  4
t  (6,  4)
t  (7,4)
t  (8,5) t  (6,65)
t  (7,  5)
t  (7,  6)
"•.(8, 6)
t  (9,  6)
t  (1.0,6)
t  (8,8)
































































































































































4.28911577E-01(Table  C.8  co-intinued)
t  (0,8)  -1.03437130E-01  -3.92153340E-01  2.  63767051E-01
t(9,9)  6.70171299E+00  3.87598617E+i0  1.  72903429E-01i
t  (10,  9)  -1.00731689E+00  -.  14290680E+00  4.  70070321E-Z0
t  (10,10)  5.92858319E+00  4.47387269E+01  1.32515688E-01
Function  Value  =  -2.35135138E+041
Sample  Size  =  777
i/  In  oarentheses  are  the  subscripts  of  parameters.  -(i)
are  the  price  oarareters,  '(i,j)  are  associated  with  the
orice  variable  p(i)  and  the  demographic  variable  z(.),
ano  t  (i,  )  are  elements  of  the  triangular  matrix  uoon
decompositiorn  of  the  variance-covariance  matrix.  The
subscripts  i  and  j  refer  to  the  commodity  number,  from
S=  rice  to  10  =  beverages  &  tobacco,  whereas  . relates
to  the  demographic  variables:  1  =  sex  dummy  for
household  head,  2  =  number  of  children,  3  =  number  of
adolescents,  and  4  =  number  of  adults.
64Table  C. 9 iMaxi mutm  Likelihood  Est imation  of  Food  Demand
System:  Rural  High-income  Households
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5 (7,  2)
5  (7,  3)
5 (7,4)
~ (8,  1)
5"  (8,  2)
("  (8,  3)
0 (8,  4)
* (9,  1)
1 (9,  2)
15  (9,  3)
S4(9,4)
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S(10,  3)
(10,  4)
1  (1, 1)
t(21,1)
t  (3,  1)
t(4,  1)
t  (5,  )
t(6,  1)
t  (7,  1)
t(8, 1)
t  (9,  1)




t  (6,  2)





t  (4, 3)
t  (5,  3)
t(5,3))
t  (6,  3)
t  (78,3)




t  (7,  4)
t  (8,4)
t  (9,  4)
t  (10,4)
t  (5, 5)
t  (6,5)
t  (7,  5)
t  (8,5)
t  (9,  5)
t(10,5)









































































































































































1.11242549E+00(Table  C.9  continued)
t(1i0,  8)  5.13661829E-01  5.27620302E-01  9.73544474E-01
t(9,9)  1.56820646E+01  4.31722374E+01  3.63244194E-01
t  (0, 9)  8.16037526E-01  1.28771850E+00  6.33708006E-01
t  (i0,  10)  1.31509621E+01  6. 17860948E+01  2.  12846631E-01
Function  Value  =  -2.90338389E+04
Sample  Size  =  803
1/  In  parentheses  are  the  subscripts  of  parameters.  .(i)
are  the  price  parameters,  0(i,j)  are  associated  with  the
orice  variable  p(i)  and  the  demographic  variable  z(-<),
and  t(i,j)  are  elements  of  the  triangular  matrix  uoon
decomposition  of  the  variance-covariance  matrix.  The
subscriots  i  and  j  refer  to  the  commodity  number,  from
I  =  rice  to  10  =  beverages  &  tobacco,  whereas  . relates
to  the  demographic  variables:  1  =  sex  dummy  for
household  head,  2  =  number  of  children,  3  =  number  of
adolescents,  and  4  =  number  of  adults.
67Table  C.  10 Maximum  Likelihood  Estimation  of  Food  Demand
System:  Urban  Low-income  Households










" (1,  1)
#(15  1,  2)
1 (1,  3)
' (1,  4)
1(2,1)
0! (2,  2)
5 (2,  3)
S (2,  4)
5(3,1)
i5 (3,  4)
#  (4,  1)
e<  (4,2)
1<  (4,  3)
* (4,  4)
S(5,1)
1(5, 2)
#  (5,  3)
#. (5,4)
5 (6,  1)
1  (6,  2)
5 (6,  3)
S(6, 4)
5(7,  I)
5 (7,  2)
S(7,3)
5 (7,  4)
# (8,1)
15  (8,  2)
5 (8,  3)
5 (8,  4)




" (10,  1)


















































































































































~  ·LI  ~I  ·~  ~~·LII  ~CI  I~·l~L  ·1  · 1~·1)·1~  ILI  · 1~~  ~·I  -·I·I~  -- C·~  ~~~  ~  · 1~······1~~··11·····~··l~·······~·I~L  ~  ~~LI~ ~  -~r~  ~  I~  ~LIIIII  · · · ~~~~···I~··~~~······ll·LI  ~L  ~LIII  ~~  ~·L  _·LI  ·I)·····~·1I······1~··I~·  _·1~~  ~I~·I  ~(Table  C.10c  continued)
S(10,  3)
S(10,  4)




t  (5,  1)
t(6, 1)
t  (7,  1)
t(8,  1)









t  (9,  2)
t  (10,2)
t  (3,  3)
t  (4,3)
t(5, 3)
t  (6,  3)
t  (7,3)
t  (8,3)
t  (9,  3)
t  (10,3)
t  (4,  4)
t  (5,4)
t  (6,  4)













t  (9,  6)
t  (10,6)
t  (7,  7)
t  (8,7)
t  (9,7)
t  (10,  7)













































































































1.  37850650E-0  1
2.14011618E-01
4.55183515E-01






J.,.7  S  7  t';  R  5  8! Z
1.  24-958E-1
21.77,  4  5e'33-
4.  6"  4Z8  - 14  8  -- 97: - ...  :.
1.4  7734.3E-  - 1
8.  19  836930  E-
3.  13698269E-:
3.  13323853E-  -'S c.  ..  .
. 1£65487-E-.  .




4.992485 =  7E-  .,  !
2.46203233E-0i
5.  477054f  I3E-02
1. 07389 i94E-0Zi















2.  65654006E--,.  :
1.291 640.37E-1
6.7309639  E-0  :
2.40263814E-01
8.08927942"-0;2
7.62860496E-0  iZ(Table  C.  10 continued)
t(10,  8)  -1.28526185E-01  -4.  33942508E-81  i  2.96 1 82519E-0-
t  (9,  9)  . 75349695E+00  3.  86283972E+01  2.  266  Z782-E-...7IZ
t(10, 9)  -7.60548615E-01  -2.37177572E+00  3. 2066330E-0:
t(10, 10)  5.35407153E+00  3.  44437156E+01  1. 55444075E-  0
Function  Value  =  -1.58521884E+-04
Sample  Size  =  588
1/  In  parentheses  are  the  subscripts  of  parameters~.',(i)
are  the  price  parameters,  #(i,.()  are  associated  with  the
price  variable  p(i)  and  the  demographic  variable  z(Q),
and  t(i,j)  are  elemlents  of  the  triangular  matrix  upor
decompo-sition  of  the  variance-covarirance  matrix.  The
subscripts  i  anrd  j  refer  to  the  commodity  riumber,  from
1  =  rice  to  10  =  beverages  &  tobacco,  whereas  . relates
to  the  demographic  variables:  1  =  sex  dummy  for
household  head,  2  =  number  of  children,  3  =  number  of
adolescents,  and  4  =  number  of  adults.
7 1Table  C.11 Maximum  Likelihood  Estimation  of  Food  Demand
System:  Urban  Medium-income  Households









t5  (1,  1)
05  (1,  2)
0  (1,  3)
5 (41, 4)
S'(2,1)
5 (2,  2)
" (2,  3)
# (2,4)
a"  (3,  1)
5 (3,  2)
15  (3,  3)
5 (3,  4)
a (4,  1)
S(4,92)
05  (4,  3)
$  (4,  4)
16(5,  1)





1 (6,  3)











15  (9,  3)
15  (9,  4)
5' (10,  1)


















































































































































=  "a  = ý ý = ý ý = ý - - - - -M  - - =(Table  C.11 continued)
(10,  3)
5(10,4)
t  (1,  1)
t(2,  1)
t  (3,1)
t  (4,  1)
t  (5,  1)
t  (6,  1)
t  (7,  1)
t(8,  1)





t  (5,  2)
t  (6,2)
t(7,  2)
t  (8,  2)
t(9,2)
t  (li0,  2)
t  (3,3)
t  (4,3)
t  (5,  3)
t  (6,  3)
t  (7,  3)
t  (8,3)
t  (9,  3)
t  (10,  3)
t  (4,4)
t  (5,4)




















































































































































































8.64503189E-01(Table  C.  II  continued)
t(10,8)  1.95014719E-01  3.46051303E-01  5.63542795E-01
t(9,9)  1.  14773705E+01  3.70739868E+01  3.09580151E-01
t  (1089)  1.50019581E-01  2.47227254E-01  6.06808428E-01
t(10,10)  1.12328988E+01  4.27287620E+01  2.62888470E-01
Funct  ion  Value  =  -1.  74398667E-+04
Sample  Size  =  555
I/  In  parentheses  are  the  subscripts  of  parameters.  <  (i)
are  the  price  oarameters,  '(iQ.)  are  associated  with  the
orice  variable  p(i)  and  the  dermoraphic  variable  z(<),
and  t(i,,)  are  elements  of  the  triangular  matrix  u!on
decomcosition of the variance-covariance  matrix.  The
subscripts  i  and  j  refer  to  the  commodity  number,  from
1  =  rice  to  10  =  beverages  &  tobacco,  whereas  : relates
to the demographic variables:  1  =  sex  dummy  for
household head,  2  =  number  of children,  3  =  number  of
adolescents,  and  4  =  number  of  adults.
73Table  C. 12  Maximum  Likelihood  Est imationr  of  Foo-d  Demiard
System:  Urban  High-inrcome  Households








5 (1,  1)
1 (1,  2)
# (1,  3)
15'  (1,  4)
5 (2,  1)
5 (2,  2)
1 (2,3)
S(2,  4)
5 (3,  1)
5(3,2)
5  (3,  3)
S(3,  4)
6'  (4,  1)
1  (4,  2)
0" (4,  3)
a (4,  4)
5(5,  1)
5 (5,  2)
5 (5,  3)
5 (5,4)
s(6, 1)
0  (6,  2)
5 (6,  3)
5 (6,  4)
5 (7,  1)
5 (7,  2)




' (8,  3)
S(8,  4)
1"  (9,  1)
' (9,  2)
S(9,  3)
5 (9,4)
5 (10,  1i)
















































































































































i.  2363569i  E-03
. 35678404E-04(Table  C.12  continued)
S(10, 3)
0(10,4)
t  (1,  1)
t(2,  1)
t  (3,1)
t  (4,  1)
t  (5,  1)
t(6, 1)
t  (7.  1)
t(8,  1)




t  (4, 2)
t  (5,  )
t  (6,2)
t  (7,  2)
t  (8,12)
t  (9,  2)
t  (10, 2)
t  (3,3)
t  (4,3)
t  (5,  3)
t  (6,3)
t  (7,  3)
t  (8,  3)
t  (9,  3)
t  (10,  3)
t  (4,  4)
t  (5,4)
t  (6,  4)
t  (7,4)
t  (8,  4)
t  (9,4)













































































































































































1.  9464897 1E+00
1.27393028E+00
2.  1034  3410E-01
2. 61739947E+00
75(Table  C.  12  continued)
t  (10,  8)  1.  90602508E+00  1.  55685417E+00  I.  22427978E+00
t  (9,9)  3.66706305E+01  3.53826250E+01  1.  03640221E+-00
t  (10,  9)  2. 45414395E+00  1. 899i1173E+00  1. 29225885E+00
t  (10,  10)  2.03797686E+01  5.  077707299E+01  4.01407832E-01
Function Value =  -1.99077031E+04
Sample  Size  =  538
I/  In  oarentheses  are  the  subscripts  of  parameters.  :.  (i)
are  the  price  parameters,  (i,.)  are  associated  with  the
orice  variable  p(i)  and  the demographic  variable  z(.~),
ano  t.(i,)  are  elements  of  the  trianrul.ar  matrix  uponor
decomoosit.ion  of  the  variance-covaarance  matrix.  The
subscripts  i  and  j  refer  to  the  commodity  rumber,  from
1  =  rice  to  10  =  beverages  &  tobacco,  whereas  A  relates
to  the  demographic  variables:  1  =  sex  dummy  for
household  head,  2  =  number  of  childrenr,  3  =  number  of
adolescents,  and  4  =  number  of adults.
76Appendix  D













































































































































'The  labels in  this column are defined  as  follows:  RLY stands for Rural  Low-income  household group, RMY
for  Rural  Medium-income  household group, and  RHY for  Rural High-income household group,  For  the urban
households, ULY  stands for  Urban Low-income  household group, UMY for  Urban Medium-income household
group,  and  UHY  for  Urban  High-income  household  group.  This  abbreviation  is  used  for  all  the  Tables  in









































































-0.6125 -0.0631 -0.0161 -0.0377 -0.0167
-0.8514 -0.0305  -0.0081 -0.0185 -0.0072
-0.6835 -0.0760 -0.0223 -0.0372 -0.0290
-0.4924 -0.0559 -0.0209 -0.0299 -0.0278
-0.6380 -0.0390 -0.0149 -0.0220 -0.0192
-0.8230 -0.0094 -0.0057 -0.0039 -0.0058
-0.1262 -0.7757 -0.0152 -0.0401 -0.0130
-0.0667 -0.9782 -0.0062 -0.0159 -0.0039
-0.1069 -0.8476 -0.0220 -0.0382 -0.0293
-0.0970 -0.8500 -0.0034 -0.0247 -0.0067
-0.0535 -0.8277 -0.0103 -0.0205 -0.0066
-0.0080  -0.8561 -0.0048 -0.0028 -0.0037
-0.1384 -0.0678 -0.8558 -0.0416 -0.0106
-0.0665 -0.0240 -0.9962 -0.0154 -0.0032
-0.1109 -0.0778 -0.8831 -0.0387 -0.0294
-0.1064 -0.0124 -1.0675 -0.0214  0.0063
-0.0566 -0.0285 -0.7295 -0.0211 -0.0115
-0.0142 -0.0140 -0.7694 -0.0054 -0.0085
-0.1238 -0.0656 -0.0153 -0.7237 -0.0135
-0.0668 -0.0260 -0.0065 -0.9415  -0.0045
-0.1057 -0.0770 -0.0220 -0.7798 -0.0293
-0.0896 -0,0420 -0.0118  -0.6509 -0.0168
-0.0631 -0.0427 -0.0159 -0.5490 -0.0220
-0.0098 -0.0083 -0.0054 -0.8280  -0.0051
-0.1542 -0.0702 -0.0138 -0.0436 -1.0184
-0.0660 -0.0208 -0.0047 -0.0138  -1.0921
-0.1077 -0.0773 -0.0219 -0.0383 -0.8176
-0.1042 -0.0162  0.0049 -0.0222 -1.0135
-0.0490 -0.0121 -0.0077 -0.0196 -0.9366
-0.0081  -0.0061  -0.0048 -0.0029 -0.8524
-0.1597 -0.0710 -0.0135 -0.0443  -0.0064
-0.0668 -0.0258 -0.0064 -0.0163 -0.0043
-0.1208 -0.0793 -0.0214 -0.0398 -0.0298






FATS  MISC.  AGES &
&  OILS  FOODS  TOBACCO
-0.0292 -0.0743 -0.0435 -0.0204 -0.0229
-0.0235 -0.0495 -0.0338 -0.0036 -0.0192
-0.0730 -0.1940 -0.0693 -0.0489 -0.0673
-0.0399 -0.1657 -0.0603 -0.0508 -0.0452
-0.0340 -0.1155  -0.0378 -0.0307 -0.0433
-0.0013 -0.0492  0.0040  0.0254 -0.0079
-0.0208 -0.0777 -0.0401 -0.0167 -0.0114
-0.0200 -0.0385 -0.0320  0.0022 -0.0149
-0.0666 -0.1643 -0.0673 -0.0466 -0.0660
-0.0172 -0.0150 -0.0136 -0.0223 -0.0249
-0.0178 -0.0063 -0.0107 -0.0025 -0.0304
0.0027 -0.0367  0.0084  0.0345  -0.0037
-0.0153 -0.0799 -0.0379  -0.0143 -0.0040
-0.0193 -0.0361 -0.0317  0.0035 -0.0139
-0.0634 -0.1497 -0.0663 -0.0455 -0.0654
-0.0032  0.0783  0.0153 -0.0047 -0.0124
-0.0240 -0.0484 -0.0212 -0.0134 -0.0354
-0.0065 -0.0657 -0.0018  0.0134 -0.0135
-0.0218 -0.0773 -0.0406 -0.0172 -0.0128
-0.0206 -0.0403 -0.0323  0.0013 -0.0156
-0.0676 -0.1689 -0.0676 -0.0470 -0.0662
-0.0281 -0.0874 -0.0360 -0.0360 -0.0347
-0.0375 -0.1392 -0.0438 -0.0368 -0.0462
0.0000 -0.0452  0.0054  0.0284 -0.0066
-0.0083 -0.0827 -0.0351  -0.0113  0.0056
-0.0172 -0.0295 -0.0306  0.0069 -0.0113
-0.0660 -0.1614 -0.0671 -0.0464 -0.0659
-0.0064  0.0570  0.0087 -0.0087 -0.0153
-0.0085  0.0563  0.0048  0.0136 -0.0230
0.0025 -0.0372  0.0082  0.0342 -0.0039
-1.0763 -0.0837  -0.0341 -0.0102  0.0090
-0.9518  -0.0399 -0.0323  0.0015 -0.0154
-1.1429 -0.1136  -0.0638 -0.0427 -0.0639






































-0.0527 -0.0201 -0.0098 -0.0203 -0.0053 -0.8460  0.0052 -0.0079  0.0004 -0.0290  0.8512
-0.0010  0.0030 -0.0023  0.0001  0.0017 -0.9361 -0.0039  0.0200  0.0583  0.0074  0.3118
79(TABLE D.2  CONTINUED)
-0.1262 -0.0660 -0.0152 -0.0401
-0.0665 -0.0242 -0.0058 -0.0155
-0.1301 -0.0807 -0.0210 -0.0410
-0.1084 -0.0088  0.0098 -0.0207
-0.0441 -0.0014 -0.0048 -0.0186
-0.0105 -0.0093 -0.0057 -0.0039
-0.1405 -0.0681  -0.0145 -0.0419
-0.0672 -0.0288 -0.0075 -0.0177
-0.1128 -0.0781  -0.0217 -0.0389
-0.1047 -0.0154  0.0054 -0.0220
-0.0479 -0.0097 -0.0070 -0.0194
0.0041  0.0096 -0.0005  0.0021
-0.0130 -0.0208 -0.7871  -0.0401  -0.0167 -0.0114
-0.0033 -0.0194 -1.0209  -0.0317  0.0033 -0.0141
-0.0301 -0.0482 -1.3795 -0.0615 -0.0401 -0.0624
0.0092 -0.0001  -1.0318  0.0217 -0.0008 -0.0096
0.0086  0.0016 -0.9565  0.0219  0.0313 -0.0148
-0.0057 -0.0011  -0.8625  0.0042  0.0258 -0.0078
-0.0102 -0.0144 -0.0803  -0.9013 -0.0139 -0.0027
-0.0062 -0.0224 -0.0461 -0.8702 -0.0018 -0.0179
-0.0295 -0.0619 -0.1428 -0.9707 -0.0450 -0.0651
0.0040 -0.0057  0.0614 -1.0187  -0.0079 -0.0147
0.0024 -0.0063  0.0716 -0.9607  0.0176 -0.0211


















































-0.1506 -0.0696 -0.0140 -0.0432 -0.0082 -0.0099 -0.0821 -0.0358 -0.9841  0.0034
-0.0652 -0.0158 -0.0029 -0.0114  0.0019 -0.0140 -0.0193 -0.0290 -1.2355 -0.0073
-0.1151  -0.0784 -0.0216 -0.0392 -0.0296 -0.0601  -0.1344 -0.0652 -1.0017 -0.0647
-0.0990 -0.0254 -0.0011 -0.0240 -0.0039 -0.0142  0.0053 -0.0073 -0.8945 -0.0222
-0.0445 -0.0023 -0.0050 -0.0187  0.0079  0.0007  0.1189  0.0204 -1.0390 -0.0155
0.0154  0.0241  0.0034  0.0068  0.0144  0.0373  0.0727  0.0470 -1.0667  0.0333
-0.1743 -0.0732 -0.0128 -0.0462 -0.0036  0.0007 -0.0863  -0.0315 -0.0073 -1.2099
-0.0665 -0.0241 -0.0058 -0.0154 -0.0033 -0.0194 -0.0363 -0.0317  0.0034 -1.0004
-0.1115  -0.0779 -0.0218 -0.0387  -0.0295 -0.0630 -0.1476 -0.0661 -0.0453 -0.9398
-0.0961  -0.0305 -0.0043 -0.0249 -0.0078 -0.0184 -0.0229 -0.0160 -0.0238 -0.8253
-0.0568 -0.0291 -0.0122 -0.0211 -0.0119 -0.0245 -0.0519 -0.0220 -0.0143 -0.7459
-0.0058  -0.0032 -0.0040 -0.0019  -0.0020  0.0059 -0.0266  0.0120  0.0419 -0.8810TABLE D.3  COMPENSATED  TOTAL PRICE ELASTICITIES OF FOOD COMHODITIES  ACROSS HOUSEHOLD INCOME GROUPS
NUTS  &
DRY  VEGE-





FATS  HISC.  AGES &
&  OILS  FOODS  TOBACCO
-0.4682  0.0324  0.0104  0.0185  0.0143  0.0275  0.0381  0.0291  0.0164  0.0277
-0.6979  0.0676  0.0204  0.0372  0.0278  0.0483  0.1229  0.0509  0.0376  0,0480
-0.6389 -0.0426 -0.0126 -0.0208 -0.0163 -0,0425 -0.1152 -0.0395 -0.0280 -0.0382
-0,4101  -0.0046 -0,0027 -0.0012 -0.0033 -0.0038 -0.0233 -0.0074 -0.0048 -0.0035
-0.5799  0.0029  0.0003 -0.0017  0.0032  0.0031  0.0331  0.0072  0.0085  0.0007
-0.8153 -0.0004 -0.0026 -0.0008  -0.0003  0.0071 -0.0132  0.0122  0.0387  0.0024
0.0489 -0.6598  0.0170  0.0281  0.0246
0.1058 -0.8680  0.0258  0.0467  0.0355
-0.0570 -0.8103  -0.0112 -0.0198  -0.0151
-0.0074 -0.7943  0.0163  0.0065  0.0198
0.0040 -0.7861  0.0048  -0.0004  0.0156




























0,0477  0.0162 -0.6571
0.0822  0.0249 -0.8800
-0.0403 -0.0114 -0.7617









0.0758  0.0268  0.0422 -0.9711
0.0993  0.0302  0.0544 -1.0491
-0.0397 -0.0110  -0.0197 -0.8033
0.0417  0.0254  0.0102 -0.9859
0.0293  0.0074  0.0004 -0.9145
0.0029 -0.0017  0.0002 -0.8469
0.0810  0.0287  0.0450
0.0828  0.0251  0.0455





































0.0588  0.0481  0.0279  0.0501
0.1551  0.0631  0.0485  0.0606
-0.0761 -0,0339 -0.0233 -0.0335
0.1398  0.0439  0.0278  0.0204
0.1411  0.0340  0.0363  0.0133
-0.0010  0.0165  0.0477  0.0065
0.0721  0.0603  0.0354  0.0645
0.1623  0.0658  0.0509  0.0634
-0.0570 -0.0312 -0.0210 -O.0312
0.2407  0.0757  0.0479  0.0352
0.0994  0.0237  0.0256  0.0085
-0.0294  0.0065  0.0268 -0.0031
0.0562  0.0457  0.0265  0.0473
0.1498  0.0611  0.0467  0.0586
-0.0821  -0.0348  -0.0240 -0.0342
0.0613  0.0192  0.0121  0.0089
0.0096  0.0014  0.0024 -0.0020
-0.0093  0.0136  0.0416  0.0037
0.0892  0.0760  0.0450  0.0830
0.1814  0.0730  0.0574  0.0709
-0.0724 -0.0334 -0.0228 -0.0331
0.2176  0.0684  0.0433  0.0318
0.2030  0.0493  0.0523  0.0205
-0.0015  0.0164  0.0473  0.0064
0.0952  0.0815  0.0483
0.1510  0.0615  0.0471
-0.0095 -0.0244 -0.0152
0.1636  0.0514  0.0325
0.1525  0.0368  0.0392














0.0612 -0.8199  0.0342  0.0312
0.0889  -0.9635  0.0488  0.0372
-0.0386  -0,8717 -0.0194 -0.0145
0.0461  -1.0469  0.0113  0.0342
0.0132  -0.7143 -0.0009  0.0108





































0.0489  0.0499  0.0170
0.1094  0.0883  0.0268
-0.0652 -0.0322 -0.0070
-0.0135  0.0504  0.0306
0.0129  0.0398  0.0102
-0.0028  -0.0002 -0.0025
0.0280  0.0246  0.0480  -0.6506  0.0481  0.0279  0.0500
0.0485  0.0369  0.0629 -0.8233  0.0653  0.0505  0.0630
-0.0171 -0.0117 -0.0037  -1.2647  -0.0181 -0.0097 -0.0200
0.0124  0.0373  0.0415 -0.8677  0.0826  0.0523  0.0384
0.0013  0.0306  0.0380  -0.8106  0.0662  0.0698  0.0285



















-0.0591  -0.0380 -0.0101  -0.0191
-0.0115  0.0426  0.0259  0.0104
0.0093  0.0316  0.0080  0.0006
0.0115  0.0182  0.0025  0.0051
0.0642  0.0725  0.0255  0.0404
0.1402  0.1155  0.0352  0.0632
-0.0599  -0,0372 -0.0097  -0.0189
-0.0085  0.0309  0.0188  0.0075
0.0125  0.0389  0.0100  0.0012
0.0225  0.0325  0.0063  0.0096
0,0790  0,0945  0.0338  0.0524
0.1097  0.0885  0.0269  0.0486
-0.0586 -0.0384 -0.0103 -0.0193
-0.0070  0.0251  0.0153  0.0061
0.0009  0.0127  0.0029  -0.0009
























0.2224  -0.9589  0.0443
0.2181  -0.9163  0.0562





0.0853  0.0724 -0.9294  0.0788
0.2113  0.0843  -1.1804  0.0826
-0.0368 -0.0283 -0.9759 -0.0287
0.1616  0.0508  -0.8439  0.0236
0.2649  0.0647 -1.0005  0.0278
0.1060  0.0546 -1.0544  0.0428
0.1003  0.1111  0.0961  0.0572 -1.1210
0.0630  0.1615  0.0655  0.0507 -0.9232
-0.0267 -0.0542 -0.0308 -0.0206 -0.9053
0.0206  0.1311  0.0412  0.0261 -0.7802
0.0123  0.0960  0.0228  0.0247 -0.7020
0.0142  0.0089  0.0201  0.0549 -0.8708
82
0.0579  0.0632  0.0220  0.0353  0.0324  0.0636  0.0743 -0.8014  0.0366  0.0669









UHYTABLE D.4  ELASTICITIES OF  AGGREGATE COMMODITY GROUPS WITH RESPECT TO  INDIVIDUAL FOOD PRICES
HOUSE-  CEREALS  NUTS &  ANIMAL  BEVER-
HOLD  &  ROOT-  DRY  VESE-  PRO-  FATS  MISC.  AGES &
GROUPS RICE  CROPS  SWEETS  BEANS  TABLES  FRUIT  DUCTS  &  OILS  FOODS  TOBACCO
UOCOMPENSATED  ELASTICITIES
0.1035  0.0962  0.0317  0.0545  0.0444
0.1081  0.0840  0.0253  0.0464  0.0344
0.0204  0.0201  0.0065  0.0095  0.0078
0.0098  0.0122  0.0056  0.0052  0.0072
-0.0017  -0.0017  -0.0006  -0.0005  -0.0011
-0.0009  -0.0011  -0.0003  -0.0004  -0.0007
0.0013  0.0012  0.0004
0.0011  0.0008  0.0002
0.1145  0.1128  0.0365
0.0133  0.0166  0.0077
-0.0015  -0.0015  -0.0005
-0.0075  -0.0093  -0.0029
0.0862  0.1132  0.0891
0.0601  0.1524  0.0637
0.0260  0.0802  0.0211
0.0092  0.0465  0.0157
-0.0016  -0.0082  -0.0022
-0.0011  -0.0042  -0.0012
0.0007  0.0006  0.0011
0.0005  0.0003  0.0006
0.0534  0.0440  0.1461
0.0070  0.0098  0.0125
-0.0005  -0.0009  -0.0013


















































0.1920  0.1400  0.0765
0.2486  0.1109  0.0692
0,2018  0.0671  0.0478
0.2254  0.0822  0.0696
0.2130  0.0649  0.0561
0.0252  0.0055  0.0086
0.0008  0.0015  0.0022  0.0016  0.0009
0.0005  0.0009  0.0024  0.0010  0.0007
0.0789  0.2303  0.6670  0.2005  0.1452
0.0501  0.0720  0.2982  0.1087  0.0919
0.0271  0.0450  0.1788  0.0545  0.0471






























































































































































































































































RLY  0.1004  -0.1041  0.2706  -0.0170
RMY  0.0621  -0.1627  0.2270  -0.0320
ANIMAL  RHY  0,1075  0.9799  0.2149  1.4021
PRODUCTS  ULY  0.0882  0.0952  0.3452  0.2248
UMY  0.0933  0.0398  0.3326  0.2480
UHY  -0.0289  0.5849  0.2795  0.9618
RLY  0.1138  -0.1180  0.3067  -0.0193
RMY  0.0563  -0.1475  0.2057  -0.0290
FATS  &  RHY  0.0888  0.8101  0.1777  1.1593
OILS  ULY  0.0866  0.0935  0.3387  0.2206
UMY  0.0937  0.0400  0.3340  0.2490
UHY  -0.0277  0.5607  0.2679  0.9221
RLY  0.1231  -0.1277  0.3319  -0.0209
RMY  0.0725  -0.1899  0.2650  -0.0373
MISC.  RHY  0.0913  0.8327  0.1826  1.1916
FOODS  ULY  0.0841  0.0908  0.3290  0.2143
UMY  0.0933  0.0398  0.3328  0.2481
UHY  -0.0268  0.5421  0.2590  0.8914
RLY  0.1453  -0.1507  0.3916  -0.0246
RMY  0.0622  -0.1629  0.2273  -0.0320
BEVERAGES  RHY  0.0874  0.7971  0.1748  1.1405
& TOBACCO  ULY  0.0828  0.0894  0.3242  0.2111
UMY  0.0946  0.0403  0.3371  0.2513
UHY  -0.0285  0.5771  0.2757  0.9490
85TABLE  D.6 ELASTICITIES  OF AGGREGATE  COMMODITIES  WITH
























































































86TABLE  0.7 TOTAL ELASTICITIES  OF  FOOD COMMODITIES  WITH
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